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INTRODUCTION 
In recent years milk producers have been striving for higher 
production per cow. Production per cow has been increased both through 
improved selection and breeding programs and through improved nutrition. 
The nutritional changes often have resulted in increased milk production 
but in some situations milk fat percentage has decreased. Milk composi­
tion is important to the producer because most milk is sold on a fat 
percentage basis. Consumer attitudes toward dairy products can be 
altered also by nutritive values (composition) and flavor. Therefore 
milk composition is important to the producer from both a short- and long-
term standpoint. 
Under normal feeding and management conditions the concentration of 
fat in milk is relatively constant. As a producer makes changes in a 
diet to increase total milk production, however, he may decrease fat 
percentage due to a nutritive imbalance. Another situation that may 
suggest a dietary change is an attempt to develop a feeding program that 
decreases labor investment of production. This usually involves a high-
concentrate low-roughage diet. Both of these situations, if they are to 
be maintained, require a dietary additive which will prevent or alleviate 
milk fat depression. The diets used in the three experiments for the 
ensuing dissertation exemplify both of the situations mentioned. 
1,3-Butanediol was tested to ascertain whether it would prevent or 
alleviate milk fat depression in cows fed fat depressing diets for 
periods up to six months. 
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REVIEW OF LITERATUKE 
This review of literature is intended to present a representative 
description of various ramifications of milk fat depression in cows. The 
general areas covered will be (a) milk synthesis, (b) factors affecting 
milk composition, (c) physiological changes relating to depressed fat 
yield, (d) treatments for milk fat depression, and (e) metabolism of 
1,3-butanediol (BD). Representative samples of published information in 
these areas will be discussed. Due to the vastness and complexity of the 
areas, many review articles will be used as references. 
Milk Synthesis 
Milk solids 
The components of milk include water, protein, fat, lactose and 
minerals. The synthesis of milk is the result of a balance between 
several biological processes. Several of these processes have been well 
documented and their action and interaction with other processes have 
been investigated. 
The solids-not-fat (SNF) portion of milk includes protein, lactose 
and minerals. The composition of the solid portion of milk varies among 
individuals due to the interaction of several factors. Each individual 
component can be altered due to several factors, and to help explain the 
effect of diet on altering the proportions of solids in ruminant milk one 
needs to understand what the precursors are. 
Lactose is composed of glucose and galactose which are both derived 
from blood glucose (Dimant et al., 1953; Lascelles, 1970; Rook et al., 
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1965b). Lactose percentage is relatively constant in bovine milk. A 
small decrease in lactose content may be noted due to underfeeding (Rook, 
1961; Rook and Line, 1961). 
Glucose and milk synthesis 
While free glucose is not a normal constituent of ruminant diets, 
it is important for milk synthesis. A majority of glucose in the ruminant 
is synthesized in the liver from propionate produced in the rumen. The 
ruminant does not appear to be able to use glucose for milk or body fat 
synthesis whereas glucose is used for body fat synthesis and for milk fat 
synthesis in the nonruminant (Ballard et al., 1969). 
However, the fact that glucose is not utilized for milk fat in the 
ruminant does not mean it is not very important for milk synthesis. First, 
glucose is necessary, along with galactose, for the formation of the milk 
disaccharide lactose. In lactating ruminants 60 to 85% of the total 
glucose utilized by the mammary gland is used for lactose synthesis 
(Annison and Linzell, 1964). Second, Annison and Linzell (1964) have 
shown that the lactating mammary gland derives 30 to 50% of its energy from 
the oxidation of glucose. Linzell (1967) has shown that limited avail­
ability of glucose to the mammary gland can limit milk synthesis in the 
goat. Prior experimental work by Hardwick et al. (1961) had shown that no 
other sugar can replace glucose and that even if adequate levels of 
acetate and amino acids are present in the mammary gland, milk production 
would cease if glucose was not present. Third, blood glucose contributes 
glycerol for triglyceride synthesis. Early work indicated that glycerol 
seems to be synthesized from blood glucose (Popjak et al., 1952), 
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However, several other researchers (Barry, 1964; Linzell, 1968; Storry, 
1970) have reported that glycerol is derived mainly from plasma 
triglycerides. 
Synthesis of milk fat 
The amount of fat in milk varies widely between species and even 
within species. In dairy cattle, averages range from 3.4% for Holsteins 
to 5.6% for Jerseys. The fat content of successive portions of milk is 
known to increase also as milk is removed from the mammary gland during 
milking (Schmidt, 1971). 
Milk fat is formed by the epithelial cells of the mammary gland. The 
fat occurs as an emulsion and is in the form of small globules. The pro­
portions of different size globules are dependent upon stage of lactation, 
fat content, nutrition and herd. 
Milk fat consists primarily of triglycerides along with lesser 
amounts of phospholipids, cholesterol, squalene, lanosterol, free fatty 
acids and traces of monoglycerides (Carton, 1963; Glass et al,, 1967; Jack 
and Smith, 1956). Triglycerides comprise over 98% of the milk lipids in 
cows. These triglycerides can include any of 60 fatty acids which have 
been isolated from milk (Jack and Smith, 1956). The number of possible 
triglycerides is therefore enormous. Many triglycerides are assembled 
from glycerol and fatty acids removed from the blood by the mammary gland. 
The source of glycerol was mentioned in the previous section. The fatty 
acid portion appears to be derived from three sources in the ruminant, 
namely acetate, 3-hydroxybutyrate and triglyceride of lipoproteins. 
Acetic, propionic and butyric acids are formed when feedstuffs are broken 
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down in the rumen by microbial action (Annison, 1954; Annison and Lewis, 
1962; McClymont, 1951; Shaw, 1961). These volatile fatty acids are the 
major end products of carbohydrate fermentation in the rumen but can also 
arise from decomposition of amino acids to branched chain fatty acids 
(Annison, 1954). These volatile fatty acids (VFA) are absorbed through 
the rumen mucosa. Ruminant fatty acid synthesis in the mammary gland is 
unique as compared to the nonruminant because ruminant tissue has limited 
ability to utilize glucose for fatty acid synthesis (Folley and McNaught, 
1961; Hardwick, 1966). In ruminants ATP citrate lyase and NADP malate 
dehydrogenase are the enzymes which are lacking. This lack results in 
ruminants being unable to cleave mitochondrial citrate into cytoplasmic 
acetyl CoA (Hanson and Ballard, 1967). 
Mammary gland synthesis of fatty acids in ruminants utilizes 
cytoplasmic acetyl CoA as the main substrate and to a lesser extent 
3-hydroxybutyrate (Bauman et al., 1973; Palmquist et al., 1969; Popjak 
él al.. 1351a; Popiak et al., 1951b). Early work by Popjak et al. (1949, 
1951a,b, 1952) showed that ruminants could synthesize fatty acids from 
acetate. This was confirmed by Kleiber et al. (1952, 1953, 1954). In 
lactating goats (Annison and Linzell, 1964), about half the acetate taken 
up by the udder is oxidized to CO2 while the remainder is used to form 
fatty acid chains up to and also part of the Cjg fatty acids (Annison 
et al., 1967; Popjak et al., 1951a). 
When early studies showed that acetate could be incorporated into 
fatty acids, it was assumed that the process was by reverse B-oxidation. 
Wakil (1961) showed that the pathway was not reverse 3-oxidation. Folley 
(1961) reported that the synthesis of fatty acids up to 16 carbon atoms 
6 
includes synthesis from acetyl CoA, which condenses with HCO^ to yield 
malonyl CoA in the presence of ATP, Mg^ and acetyl CoA carboxylase. 
Malonyl CoA condenses with acetyl CoA in the presence of NADPH to yield 
CO2, CoA and a saturated fatty acid. Additional malonyl CoA'ts react 
with this and subsequent saturated fatty acids until a C^^ fatty acid 
is formed. 
Gerson et al. (1968) has classified milk fatty acids as being 
synthesized by three methods: (a) many C2 to Cj^q are synthesized directly 
from acetyl CoA, (b) Z-^2 to C^g are synthesized from malonyl-CoA, and (c) 
C^g.Q and C^g.^ are synthesized by a chain elongation pathway. 
Davis and Brown (1970) indicate that acetate and g-hydroxybutyrate 
contribute to milk fat synthesis by supplying carbons for synthesis of 
to C^g fatty acids while chylomicrons and lipoproteins supply all C^g 
fatty acids. Bauman et al. (1973) depicts fatty acid synthesis as 
occurring entirely in the cytosol. Also, McCarthy and Smith (1972) and 
Smith and McCarthy (1^69) suggest that fatty ariHs of chain length 
through C^^ are synthesized in the cytosol. 
The pathway for the incorporation of acetate into longer chain fatty 
acids involves activation to acetyl CoA in the cytosol and subsequent 
incorporation through the malonyl CoA pathway (DeKay et al., 1971). 
Additional proof that low molecular weight milk fatty acids are synthesized 
by adding successive two carbon units was shown by Ahrens and Luick (1964) 
using labeled acetate. Butyrate also may be used in the synthesis of short 
chain fatty acids without being broken into two carbon units, but this 
source appears to be minor compared to the pathway of B-oxidation of 
butyrate to acetyl CoA. 
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3-Hyciroxybutyrate is a ketone derived from butyric acid in the rumen 
wall (Hodson et al., 1965; Ramsey and Davis, 1965) or from free fatty acids 
from the liver (Annison et al., 1957). Kleiber et al. (1952, 1953, 1954) 
used labeled VFA to confirm work by Popjak et al. (1951a) showing that 
both acetate and g-hydroxybutyrate are Important carbon sources for milk 
fat synthesis. Shaw and Knodt (1941) showed that the lactating mammary 
gland uses substantial quantities of g-hydroxybutyrate and suggested that 
its use might be for synthesis of short chain fatty acids in milk. 
Palmquist et al. (1969) checked the contribution of labeled 
3-hydroxybutyrate to milk fatty acids. By using specific radioactivities 
it was determined that 50% of the four carbon atoms at the methyl end of 
to Cj_2 milk fatty acids originated from 6-hydroxybutyrate and that only 
one molecule of g-hydroxybutyrate was incorporated into any fatty acid 
molecule. They calculated that 6-hydroxybutyrate can contribute a 
maximum of 8% of the milk fatty acid carbons. Their final conclusion was 
that a deficiency of p-hydroxybutyratG is net a causative factor in 
depressed production of milk fat among cows fed a low fiber diet. 
Another major source of fatty acids in the ruminant is from blood 
triglycerides coming from dietary fat or from free fatty acids released 
from the adipose tissue. Circulating triglycerides can give rise to milk 
fats (Glascock et al., 1966). Labeled olive oil triglyceride was used to 
show that 35 to 48% by weight of milk fat was derived from B-lipoprotein 
triglyceride. They also showed that only a small proportion of total 
circulating triglyceride is used for milk fat synthesis. 
Annison et al. (1967) infused goats with radioactive stearate, 
oleate, palmitate and acetate and showed a substantial uptake of acetate. 
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Effect of intraruminal infusions of acetic, propionic or butyric acid on 
fatty acid composition of milk was reported by Rook and Balch (1961), Rook 
et al. (1965a) and Storry and Rook (1965a,b, 1966). Acetic acid increased 
percentage of fat and propionic acid decreased fat content but increased 
protein content in milk. Infusion of acetic or butyric acid has shown 
increases in yield of C4 to acids of milk fat but decreases in yield 
of C^g acids. When large quantities of butyric acid were fed, milk yield 
fell but fat content rose (Storry and Rook, 1962). Infusion of propionic 
acid decreases yield of all major fatty acids except palmitic. The reason 
for this exception could be that in milk fat, palmitic acid originates 
from palmitic acid taken up as triglyceride (Welch et al., 1968). 
In summary, the synthesis of milk fat is not totally understood. 
Glycerol is derived from glucose or released from plasma triglycerides. 
Fatty acids (C4 to C]^) are synthesized from acetate and g-hydroxybutyrate. 
The long chain fatty acids are from triglyceride fatty acids which are 
removed from the blocd. There is little evidence to suggest that other 
plasma lipids are important in synthesis of milk fat. Glycerol and free 
fatty acids can be combined into milk fat in the mammary gland. 
Factors Affecting Milk Composition 
The protein percentage is usually less than fat percentage in normal 
milk. Many environmental and animal differences as well as dietary 
manipulations can alter the composition of milk in regard to protein, SNF 
and fat. Factors such as age, season, temperature, level of feeding, form 
of feed consumed and stage of lactation have all been shown to alter milk 
composition. 
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Variation of nonfat portion of milk 
As the energy level of a ration increases a rise in protein and SNF 
is usually noted. Burt (1957) obtained small increases in SNF when 
additional concentrates were given to cows on a basal diet of hay, silage, 
grass and concentrates. Rook and Line (1961) have reported increases in 
protein and SNF when flaked maize was added to a hay and concentrate diet. 
Book (1961), Rook and Line (1961) and Castle et al. (1958, 1959, 1961) 
have shown that underfeeding energy results in a drop of SNF whereas 
feeding at levels above normal levels increases SNF percentages. A 
lowered SNF observed from high silage feeding may be due to lower dry 
matter consumption and thus lower energy intake (Rook, 1961). 
SNF percentages are generally highest in October and November when 
cows are fed liberally, but they tend to be lower during the remaining 
months. Along with seasonal change in composition there is usually a 
change caused by temperature. High environmental temperature results 
in lCT7ei?'i Cobble HA-rmpn (lySI) rppnrteri A decrease in SNF 
content as temperatures increased above 90 F. Variations in temperature 
between 30 and 70 F did not appear to greatly influence milk composition 
when environmental temperatures were under 75 F. 
The SNF content was reported by Legates (1960) to decline by as 
much as ,45% during the first 7 years of lactation. This drop was noted 
mostly in lactose content. This change in composition could be due to 
culling, normal aging of the udder, or increased incidence of mastitis 
with advancing age. 
Both stage of lactation and gestation can alter SNF. The maximum 
rate of synthesis of SNF occurs immediately after parturition, but the 
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rate of synthesis drops off for about 6 weeks after parturition. An 
increase in the percent SNF is noted at about 6 months of lactation, but 
this is known to be related to pregnancy (Laben, 1963; Larson, 1958). 
Several factors have minor effects on variation in milk protein 
levels. Among these are age, stage of lactation, mastitis and milking 
interval. A more prolonged and greater effect on milk protein level is 
related to form and composition of feeds. Age does not seem to be a 
factor responsible for changes in total crude protein in milk but the 
percentage of various constituent proteins may change with age (Legates, 
1960). 
The protein content of milk is highest during early lactation and 
tapers off rapidly to a minimum at 6 weeks. Colostrum is the highest in 
protein of any milk produced during a lactation and may be up to 25% 
total solids, of which 14% may be protein (Schmidt, 1971). 
Mastitis is generally associated with decreased milk proteins. The 
efiecL is apparently partially associated with a rise in bcdy tssipsraturs. 
Another source of protein variation is milking interval. When equal day 
and night intervals were used, morning milk was observed to be lower in 
protein (Hanson et al., 1958). 
The physical form or the proportion of ingredients included in a 
diet tend to alter both fat and protein in milk. These changes may occur 
simultaneously and have an inverse relationship to each other. 
Increases in protein content of the diet have no effect on the 
composition of milk other than a slight increase in nonprotein nitrogen 
(Holmes, 1956). Balch (1955) also observed an increase in milk protein 
from feeding a highly-soluble flaked-maize ration. A drop in ration 
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protein can cause a drop in milk protein, as well as a drop in milk yield 
but no significant change in SNF content. Rook (1961) reported a reduc­
tion in milk protein of .18% when protein content of the diet was reduced 
to an estimated 60% of the need. 
The amino acid composition of dietary protein does not have to be the 
same as that found in milk protein due to changes in amino acid composition 
as protein passes through the rumen and is altered by microbial action. 
Milk proteins are synthesized from blood amino acids in the mammary gland 
with some milk amino acid carbons coming from glucose and acetate (Mepham 
and Linzell, 1966). 
Comparing methods of processing grain sorghum (Colenbrander et al., 
1967) indicated greater efficiency of conversion of feed to milk protein 
when expanded grain sorghum was incorporated into the diet. One possible 
explanation for increased milk protein due to diet has been proposed by 
Colenbrander et al. (1968) using expanded grain sorghum to produce a lower 
riimcn ammonia-nitrogen concentration as compared to cracked grain sorghum. 
These lesxilts were attributed to a more rapid fermentation of expanded 
grain sorghum and thus a more rapid assimilation of ammonia into amino 
acids. This then results in more amino acids being available for protein 
synthesis. Similar results were reported -'n earlier work by Phillipson 
et al. (1962) who found that heat treated starch was especially effective 
in reducing ammonia-nitrogen and suggested that soluble starch is 
necessary if production and assimilation of ammonia-nitrogen is to 
proceed at nearly equal rates. Rook (1961) observed an increase in milk 
protein following initial spring grazing and concluded the effect was 
caused by increased solubility of the total ration. Conrad and Hibbs 
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(1961) suggested a similar nitrogen conserving theory when using soybean 
flakes as a fiber source. 
A second theory for dietary increases in milk protein suggests that 
increased dietary energy is utilized to increase mammary gland synthesis 
of milk protein. Yousef et al. (1968) used both high and low concentrate 
diets and found that mammary gland arterio-venous differences for a-amino 
nitrogen were similar from both diets but milk protein production was 
increased on the high concentrate diet. Rook and Line (1961) postulated 
that an increase in energy level results in an increase in acetate 
absorption from the rumen and that this increased blood acetate makes more 
energy available for milk protein synthesis. This effect was more pro­
nounced at lower levels than at higher levels of energy consumption (Burt, 
1957; Holmes et al., 1956). 
A third theory, which is associated closely with the second theory, 
relates the level of rumen propionate to increased protein synthesis. 
Huber and Eoman (1966) have postulated that the action of Increased 
propionate is through an altered amino acid metabolism in the liver which 
results in increased concentrations of circulating amino acids. Rook and 
Line (1962) and Fisher and Elliot (1966) have reported similar results. 
Work by Rook and Balch (1961) reported that intraruminal infusion of 
propionic acid to milking cows increased milk protein content without 
altering milk yield. 
After absorption from the rumen, most propionate is metabolized by 
the liver (Annison et al., 1957). Because there 3 little propionate in 
blood which has passed through the liver, propionate is not likely to be 
directly involved in milk synthesis. Rook (1959) has suggested that 
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plasma air'.no acid concentration influences synthesis of milk protein, and 
that the supply of propionate absorbed from the rumen may thus control the 
overall degradation and synthesis of amino acids in the liver and there­
fore the propionate can enter the Krebs cycle as succinate and leave as 
oi-ketoglutarate. From a-ketoglutarate, glutamate can be formed, which in 
turn can be used to synthesize many nonessential amino acids. An 
intravenous infusion of glucose and propionate by Fisher and Elliot (1966) 
resulted in a decreased milk fat production but did not increase milk 
protein. 
The three major diet related theories of milk protein alteration 
have been presented. When all aspects of milk protein alteration are 
considered, it appears that no single factor is the essence of the change 
and that more work is needed to identify and relate all factors involved. 
Causes of milk fat variation 
Until recently, when pricing milk partly on the basis of protein 
content began to be introduced, the content of fat in milk had been the 
basis of buying and selling milk since the Babcock test was developed in 
1890. Since 1890 fat percentage has been a common method of production 
testing. There are several reasons for variations in milk fat between 
individuals and between fat tests on a given individual. 
These reasons can be divided into either selectional or nutritional 
related problems. These various selectional and environmental causes of 
changes in milk fat are not usually the major changes which are considered 
as milk fat depression. The first, and probably most obvious, selection 
variation is breed of animal. Closely linked to breed would be variation 
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due to inheritance. Certain herds or cow families within a herd will 
test higher than herd mates. As a cow ages there tends to be a slight 
decline in fat test. This decrease may be 1% from a cow's highest 
average testing lactation to her lowest. 
Milk fat percentages decrease during the spring and summer. This 
can be related to temperature and ration changes. Low temperatures tend 
to allow fat percentages to be maximum. Cows in good condition at the 
time of calving produce milk higher in milk fat than if the animal is in 
poor condition. Also the fat content of milk tends to increase as 
lactation progresses except for a decline during the first through third 
month following parturition. 
The depression of milk fat due to diet is a major concern to the 
producer. When any sudden change in feed consumption upsets rumen 
digestion this can result in, among other things, a change in volatile 
fatty acid production and subsequently in milk fat content. Problems 
y r» 1 t*n 4 A +" n on Ko rr ir» a/4 4 r»+• r> f4\nn Tno4/->>" nvcinc TT» rac o n*vo 1 i icK 
pasture, physical form of feed, heat treating or pelleting feed, amount 
of fat incorporated into the diet, and the feeding of high-concentrate 
low-roughage diet. The feeding of early spring forage or lush pasture 
such as pearl millet will cause a decrease in milk fat (R. Miller et al., 
1963). A young pasture may have a high content of moisture, crude 
protein and easily digestible carbohydrates, but is low in crude fiber. 
The situation is aggravated by feeding liberal concentrates with young 
forage and seems to be similar to the situation observed when high-grain 
low-roughage rations are fed because the forage may approach levels of 
digestibility observed for grains. Young pasture alters rumen 
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fermentation by increasing total VFA production and decreasing the 
proportion of acetic acid while increasing propionic and butyric acids 
(Annison et al., 1959). Waite et al. (1956) reported some contrasting 
results where, after cows were placed on pasture, milk fat rose for a 
short time and then declined. The problem is partially remedied if large 
quantities of succulent feed, such as silage, can be used in preparation 
for lush pasture. An additional source of roughage also can be used to 
avoid fat depression. 
Second, physical form of the feed can alter milk fat production. 
Powell (1938, 1939, 1941) reported that the form and amount of forage in 
a ration would affect milk fat production. His studies showed a decreased 
milk fat production due to elimination of forage from a ration. Powell 
also reported that forage chopped to 1 inch resulted in higher milk fat 
content than when finely ground forage was fed. Balch et al. (1954, 1965) 
confirmed these findings, showing highly significant reductions in milk 
fat from cows fed ground hay compared co long hay. 
Milk fat depression resulting from finely ground forage appears to 
be related to an altered fermentation in the rumen, a decreased flew of 
saliva for buffering and an increased passage of feedstuff out of the 
rumen. The eventual effect of these factors is a decrease in the pro­
portion of acetate and an increase in propionate and butyrate production 
in the rumen. 
Kick et al. (1938) reported that fine grinding of a ration resulted 
in a decreased number of boluses, decreased charing and rumination time 
and decreased saliva production. Roughage was reported by Kay (1966) to 
stimulate saliva secretion. Ruminant saliva is alkaline and increases 
buffering capacity of the rumen. Storry and Book (1966) and Hawkins and 
Little (1967) showed that decreasing roughage in a ration decreased saliva 
production and caused a lower rumen pH. 
Rodrigue and Allen (1960) reported that crude fiber digestibility 
decreased with increasing fineness of grind. The change was related to a 
change in digestion by rumen microorganisms. A decrease in the acetate to 
propionate ratio occurred which was similar to that observed in cows fed 
a low roughage diet. Decreased apparent digestibilities of dry matter 
with increased intake was observed in digestibility studies performed by 
Blaxter and McC. Graham (1956) using chopped hay or ground hay pellets. 
The decreased digestibility was attributed to lowered digestion of cell 
structure components of hay. 
The third factor relating to decreased fat test is heat treating or 
pelleting of concentrates. Balch (1955) observed decreased fat test in 
cows fed diets containing flaked maize as compared to ground corn or 
crushed = McOulJnngh and smart (196#) rpportpfi rbar separately 
feeding a 60:40 ratio of corn silage to heat flaked corn resulted in an 
increased proportion of propionic acid compared to both being fed 
simultaneously at 6 hour intervals. Similar results were reported by 
Balch (1958), Palmquist and Ronning (1961) and Jorgensen et al. (1965) 
from feeding pelleted feed as part of the total diet. 
Pelleting whole rations has produced very low fat content in milk 
when fed to cows (Jorgensen and Schultz, 1963; Ronning, 1960). Putnam 
and Davis (1961), however, were unable to reduce milk fat using pellets. 
Ensor et al. (1959) could not significantly reduce milk fat when feeding 
1 part pelleted hay with 1 part ground corn and .02 parts linseed oil 
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meal. Yamdagni et al. (1967) studied the effects of ground, pelleted or 
reground pelleted forms of concentrates. The pelleted concentrates only 
decreased fat test by .1% and regrinding the pellets did not change the 
results. With cows fed a pelleted ration, Palmquist et al. (1964) 
reported a decreased fat percentage similar to that observed when a 
finely ground ration was fed. 
The conflicting results seem to indicate that form of the feed cannot 
be considered wholly responsible for the effect on milk tests; however, 
there is a relationship between pelleting, heat treating and grinding of 
feed and milk fat content. The effect of pelleting grains may be one of 
rupturing and partially dextrinizing the starch granule. Pelleted grains 
also have been noted to have an effect in reducing sugars and soluble 
starch (Schultz, 1967). These changes decrease the ratio of acetate and 
propionate produced in the rumen. 
The fourth factor relating to decreased milk fat is ration fat 
production and composition of fats have been widely reported. Part of 
the effect in many experiments appears to be from an influence on rumen 
fermentation, but other factors may be involved. 
Much conflicting data have been reported in regard to the effects of 
varying the amount and type of fat included in a cow's ration. Early work 
by Allen (1934) showed that dietary butter, lard, tallow, linseed oil and 
coconut oil all increased the percentage of fat in milk. Petersen (1932) 
reported that fat test was decreased by feeding cod liver oil. This was 
confirmed by Shaw and Ensor (1959). Diets supplemented with vegetable oils 
appeared to have effects on rumen volatile fatty acid composition which 
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were similar to changes observed from feeding high concentrate rations 
(Jorgensen and Schultz, 1963; Shaw and Ensor, 1959). The work of Beitz 
and Davis (1964), however, suggested that added oils give depressed milk 
fat but do not give any significant change in rumen acids. 
The feeding of soybean oil has been reported to decrease milk fat 
yield (Steele et al., 1970) in cows receiving adequate roughage. Steele 
and coworkers also reported that when cracked soybeans were substituted 
into diets, increased milk fat yield resulted. This same increase was 
noted by Perry and McLeod (1968) and Larson and Schultz (1970). Larson 
and Schultz (1970) have suggested that feeding whole or cracked soybeans 
allows slow release of unsaturated fatty acids which can be hydrogenated 
by the rumen and used for milk fat, whereas rumen action is not great 
enough to hydrogenate all the fatty acids when oil is added directly. 
The fifth and most major area which has been studied in relation to 
milk fat depression is the feeding of high-concentrate low-roughage 
rations. This type of problem often occurs as a dairyman Liies i.o acuieve 
maximum production. In order to do this more grain is fed and less 
roughage is incorporated into the cow's diet. The situation can also 
arise as herds become larger and the operator attempts to cut down on 
labor by using mechanized systems. These systems generally include limited 
roughages. 
The feeding of restricted roughaze diets results in rumen VFA changes 
similar to those observed when pellets, unsaturated oils or finely ground 
forages are fed (Van Soest, 1963). The ratio of the acids as well as 
their total concentration depends somewhat on the individual feedstuff 
ingested but more on the nutrient composition of the total ration. The 
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proportion of a particular rumen fatty acid may change due to such factors 
as crude fiber content, physical form of ingredients or differences in 
ration composition. This change can result in a very pronounced change in 
milk fat content (Balch et al., 1952; Shaw and Ensor, 1959) through 
microbiological processes taking place in the rumen. There have been 
several suggestions as to the minimum forage intake necessary to maintain 
milk fat but these vary with level of concentrate intake and level of milk 
production (Warner, 1965). Fat percentage reductions caused by feeding 
low roughage rations have been reported by several laboratories (Balch 
et al., 1952, 1954; Beitz and Davis, 1964; L. Brown et al., 1962; Jorgensen 
et al., 1965; Jorgensen and Schultz, 1963; Tyznik and Allen, 1951; Van 
Soest and Allen, 1959). 
The amount of fiber is important. Kesler and Spahr (1964) reported 
lower milk fat percentages when diets containing 13% fiber were fed than 
when diets containing 17.7% crude fiber were fed. Bishop et al. (1963) 
coiiipared uicLs coriLaiuiug 11% VclSuS 22% iluêi aucl tiuLeu sl&ûîilcaûL 
differences in fat production. Some conflicting work has been reported by 
Ronning and Laben (1966) in which diets containing 11% fiber resulted in a 
normal fat test. There appear to be differences in the ability of 
different fiber sources to cause milk fat depression. Emery et al. (1964a) 
reported that corncobs were a better source of fiber than chopped hay for 
the prevention of milk fat depression. 
Physiological Changes Relating to Depressed Milk Fat Yield 
Many factors appear to be associated with milk fat depression and 
many theories have been proposed to explain causes of milk fat depression. 
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Factors and theories listed by Jorgensen et al. (1965) are (a) reduced 
rumen acetic acid, (b) increased rumen propionic acid, (c) decreased 
blood lipids, (d) decreased blood ketones, (e) increased blood glucose 
levels, (f) increased body weight gains, (g) decreased milk production, 
(h) decreased short chain fatty acids in milk fat, and (i) increased 
unsaturated fatty acids in milk fat. These physiological changes and 
others can be categorized into changes in the rumen, in the body and 
in blood or milk. 
Altered volatile fatty acid production 
Tyznik and Allen (1951) first suggested the theory of altered rumen 
acetic acid as a cause of fat depression. Further supporting evidence for 
the theory was presented by Balch et al. (1955), W. Brown et al. (1962) and 
Rook and Balch (1961). The theory is based on the facts that acetate is 
essential for the synthesis of milk fatty acids (Popjak et al., 1952) 
and that the molar proportion of rumen acetic acid is less on ground-
roughage or high-concentrate diets (Tyznik and Allen, 1951). One problem 
with the acetate theory was presented by McClymont (1951) who observed no 
decrease in rumen acetate concentration but only a decrease in acetate to 
propionate ratio. Davis (1967) also reported that acetate production was 
lioL bigiiiricaucly ulfierent between cows fed a normal diet and those fed 
a fat depressing diet. McClymont (1951) observed that arterial acetate 
concentrations were not changed by feeding high-concentrate fat-depressing 
rations. 
Feeding fat depressing diets containing large amounts of heat treated 
grains, either with or without ground roughage, tends to decrease the 
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ratio of acetate to propionate which is absorbed from the rumen. Such 
alteration results in suppressed mobilization of adipose lipid to maintain 
plasma triglyceride levels (McClymont and Vallance, 1962). 
Van Soest and Allen (1959) suggested that the shift in volatile fatty 
acid ratio toward propionate results in increased production of oxaloace-
tate. Oxaloacetate then combines with acetyl-CoA, resulting in a shift of 
acetate to the Krebs cycle and creating a shortage of acetate for milk fat 
synthesis. This idea has also been presented by Jorgensen and Schultz 
(1963). 
In addition to the acetate deficiency theory. Van Soest and Allen 
(1959) presented a second theory of milk fat depression. It deals with a 
deficiency of 3-hydroxybutyrate for the mammary gland. Rook and Balch 
(1961) observed decreased blood ketone bodies, particularly 
g-hydroxybutyrate associated with a fat depressing diet. Storry and Rook 
(1966) conducted a study in which cows were alternately fed a fat 
depressing and a normal diet and observed dial laL piouuctiou followed the 
concentration of 3-hydroxybutyrate in the circulating blood. Rook and 
Balch (1961) reported that butyrate was converted to 6-hydroxybutyrate 
during absorption. An increase in milk yield and fat percentage was 
obtained by intraruminal infusion of butyric acid by Rook et al. (1965a). 
Changes in rumen pH have been mentioned already in regard to reduced 
salivary secretion rates when finely ground roughage is fed. Reduced 
saliva results in a decrease in the amount of buffer which enters the 
rumen. Meyer et al. (1964) reported that as water content of feed 
increases the amount of saliva produced decreases. Balch (1959) fed a 
high-concentrate fat-depressing ration and reported low rumen pH values. 
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The pH can fall from 6.8 to slightly below 6.0 in a fat depressed animal 
but varies widely between animals. Reid et al. (1957) reported the 
lowered pH is favorable to a propionate producing microflora. 
Altered fat deposition and mobilization 
Feeding a fat depressing diet to lactating dairy cows seems to affect 
milk fat synthesis by affecting lipid deposition and mobilization of 
adipose tissue. Opstvedt et al. (1967) reported that under milk fat 
depressing conditions there is a marked increase in activity of adipose 
tissue enzymes for fatty acid synthesis while activity in mammary gland 
tissue tends to be lowered. Large weight gains have been reported in 
support of this theory (Jorgensen et al., 1965; Jorgensen and Schultz, 
1963; Opstvedt et al., 1967; Ronning and Lab en, 1966; Shaw et al., 1959). 
Fat depression caused by a high concentrate diet possibly decreases fat 
mobilization by making more starch available to be digested and absorbed 
as glucose in the small intestine due to faster passage out of the rumen 
(Karr et al., 1966; 0rskov et al., 1969). 
Storry and Rook (1966) and Storry and Sutton (1969) have reported 
that when cows which were fat depressed by using a high flaked com diet 
were abruptly changed to a high roughage diet, the acetate:propionate 
ratln returned to normal in one vreek. Fat production recovered slowly 
over a period of weeks, however, indicating that fat mobilization enzymes 
may adapt more slowly to changes in diet than do rumen microflora. 
McClymont and Vallance (1962) suggested that milk fat depression is an 
endocrine effect. Tliey suggest that the high propionate production noted 
on milk fat depressing rations results in increased blood glucose which 
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increases insulin secretion and inhibits release of free fatty acids. 
These changes result in diversion of acetate away from the mammary gland 
toward body fat. Both Van Soest (1963) and Menahan et al. (1966) have 
indicated that increased insulin production seems to be involved in the 
decreased lipid mobilization involved in milk fat depression. Schmidt 
(1966) used injections of short-acting insulin to confirm the results of 
Rook et al. (1965b) showing that insulin depressed blood glucose and 
resulted in decreased milk production while increasing milk lactose, fat 
and protein content. Contrasting results have been reported by Jenny et 
al. (1973). 
Correlations of insulin with percent fat, glucose and molar 
percentage ruminai propionate in cows fed a high grain ration showed no 
significant difference in early lactation, but did show significance in 
mid lactation (Jenny et al., 1973). The relationship between percentage 
milk fat, glucose and insulin which was observed during mid lactation was 
attributed to the decline in milk production. Decreased producLioii lower» 
demand for glucose and causes the resulting increase in serum glucose. 
Manns and Soda (1967) found that serum insulin levels were only moderately 
affected by glucose levels. By using intravenous injections of acetate, 
propionate and butyrate, they found only butyrate caused significant 
changes in serum insulin levels. Radloff et al. (1966) reported that 
glucose and ketone body levels are inversely related. More information is 
needed to clearly understand the involvement of insulin in the mechanism 
of milk fat depression. 
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Altered milk and blood fatty acids 
Many groups have reported a decrease in the ratio of long chain 
saturated to unsaturated fatty acids in milk when fat depressing diets 
were fed (Davis and Sachan, 1966; Jorgensen and Schultz, 1963; King and 
Hemken, 1962; Kunsman and Keeney, 1963). This is the inverse of the 
changes observed during fat mobilization from adipose tissue. 
McCarthy et al. (1966) have reported that in milk fat depression 
there is a shortage of saturated long chain fatty acids and an oversupply 
of unsaturated long chain fatty acids in mammary blood. Opstvedt and 
Ronning (1967) suggested the reduced output of milk fat was due to a 
reduction in the total amount of fatty acids synthesized. They reported 
smaller decreases for the shorter chain and unsaturated fatty acids than 
for the higher saturated fatty acids. Askew et al. (1971) also reported 
altered fatty acid levels in mammary tissue when restricted roughage is 
fed. 
Ill buuuuaLy, Ll iê uubéiVâLioi iS of màliy iTcScarCuci 'S l i iuiCâuê CL iTclâ-t iOn-
ship between milk fat depression and altered rumen volatile fatty acid 
ratios. The altered ratios can be caused by dietary effects on rumen 
microorganisms, feeding unsaturated oils or a change in the dietary ratio 
of saturated:unsaturated fatty acids. The exact interaction requires 
more identification, but these factors are well documented as causing a 
change in milk fat production. 
Treatments for Milk Fat Degression 
Powell (1938, 1939) reported that milk fat depression could be 
corrected ty adding 2.27 kg of hay to a fat depressing ration. Tlie fiber 
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in hay provides bulk and helps maintain normal rumen function. Many 
ration additives have been tested in attempts to alleviate or prevent 
milk fat depression. Most of these additives have been used as short-
term treatments for milk fat depression. 
Potassium and sodium bicarbonate have been added to high-concentrate 
diets as a means of preventing milk fat depression (Davis et al., 1964; 
Emery and Brown, 1961; Miller et al., 1965; Schultz et al., 1965). The 
bicarbonates have shown some beneficial effects because they compensate 
for reduced saliva output and create pH conditions in the rumen similar 
to those found when normal rations are fed. By altering the buffering 
capacity and pH of the rumen, a favorable environment exists for production 
of more acetic and less propionic acid. Feeding bicarbonates has helped 
eliminate fat depression associated with high-concentrate feeding; 
however, it usually has resulted in decreased concentrate intake due to 
decreased palatability (Davis et al., 1964; Emery et al., 1964a; Stout and 
Bush, 1972). Fat test was often improved but total milk pioducLlon 
decreased. Emery et al. (1964b) reported no effect on fat production from 
feeding calcium carbonate. 
Emery et al. (1965) added both sodium bicarbonate and magnesium oxide 
to a low-roughage diet and observed increased milk fat percentage with 
each additive but by different modes of action. Sodium bicarbonate 
increased milk fat production by altering rumen pE and controlling 
production of rumen propionate. Magnesium oxide was reported to increase 
mammary gland uptake of plasma acetate and triglyceride. These differences 
suggested that magnesium oxide and sodium bicarbonate could be additive or 
synergistic in their effect on milk fat (Thomas and Emery, 1969). 
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Huber et al. (1969) confirmed that magnesium oxide and sodium 
bicarbonate decreased the effect of low roughage related to milk fat 
depression. They also reported an improvement in milk fat production 
when partially delactosed whey and minerals were added to fat depressing 
diets. The stimulation of milk fat synthesis by whey and minerals 
appeared to be through increased mammary uptake of fatty acids from serum 
lipoproteins. Huber et al. (1967) and Schingoethe et al. (1971) reported 
an increase in rumen acetate and butyrate and a decrease in rumen 
propionate when rations containing whey products were fed. Huber et al. 
(1969) noted an increase in uptake of 6-hydroxybutyrate by the mammary 
gland when whey was incorporated into a fat depressing diet. 
Rook and Balch (1961) and Rook et al. (1965a) infused cows intra-
ruminally with formic, acetic, butyric, propionic, lactic, n-valeric and 
isovaleric acids alone or in combination. Acetic and butyric acid both 
increased fat percentage but had no significant effect on SNF, lactose or 
piuut;xii. riopj-OiijLC cicxu ucCicaScu ïiixlk fat but iriCiTcciScd SNi7 and pzctcin. 
Lactic acid significantly increased SNF and protein but gave varying 
responses in fat percentage and milk yield. Intraruminal infusion, how­
ever, does not represent a practical solution and many of these organic 
acids and their salts create palatability problems when added to diets. 
Bentonite, a colloidal clay containing sodium, silicon, aluminum, 
iron and magnesium, (Searle and Grimshow, 1959) has been reported to help 
alleviate milk fat depression (Schultz and Bringe, 1969; Rindsig et al., 
1969). The beneficial effects of feeding bentonite seem to be attributed 
to an increase in the rumen acetate to propionate ratio and a slower 
passage of nutrients from the rumen with more time for fermentation. 
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The possibility of using 1,3-butanediol (BD) to alleviate or prevent 
milk fat depression in cows was recently reported by Hess and Young 
(1972). In these trials BD increased milk fat production in fat 
depressed cows but had little effect on milk protein. No change was 
reported in rumen pH, rumen volatile fatty acid rates or blood glucose 
levels, but higher blood ketone concentrations were reported. The mode 
of action for BD in the lactating dairy cow has not been elucidated, but 
its effects and pathways of utilization have been reported in other 
species. 
Metabolism of 1,3-Butanediol 
1,3-Butanediol (BD) is a commercially available petroleum derived 
compound which has been studied as a synthetic energy source. While 
commercially produced BD is a synthetic product, similar compounds are 
not foreign to nature. 2,3-Butanediol has been reported to be a product 
of lactose fermentation, and Dube (1967) has reported its presence in 
bovine rumen contents. 
Dymszia and Miller (1963) reported that rats would consume and 
utilize BD when it was fed at levels up to 20% of the diet. Their data 
indicated BD yielded 6.6 kcal/g of metabolizable energy. Mehlman et al. 
(1966) fed rats 20% BD in their diets for two weeks without any apparent 
changes in metabolism. Stoewsand et al. (1965) reported no toxic effects 
and good nutrient utilization in rats when up to 20% BD was incorporated 
into the diet. No increase in urinary or serum ketones was noted at the 
20% level of BD feeding in rats. 
Miller and Dymsza (1967) reported that feeding 20% BD to rats did 
not impair feed utilization or increase serum or urinary ketones. When 
a diet containing 30% fat and 18% BD was fed to rats, blood ketone levels 
increased and blood glucose levels decreased. Also, rat livers perfused 
with BD showed decreased glucose production from lactate (Mehlman et al., 
1970). 
Davenport et al. (1967) indicated that chicks fed 5% BD performed 
equally as well as controls, but possible palatability effects limited 
intake and weight gains at 10, 15 and 20% BD in the diet. Hess (1971) 
has reported that calves fed BD at either 15 or 20% of the grain mix of 
an ad lib grain and hay ration showed no appetite depression but 
nervous symptoms and high blood ketones were observed. Both Davenport 
et al. (1967) and Miller and Dymsza (1967) have reported that there is 
an adaptation period of at least a week before optimum utilization of 
BD is achieved. 
To further study metabolic cffccts cf BD fed cc a carbohydrate 
replacement, Stoewsand et al. (1965) studied resulting lipid changes in 
the rat. Their studies showed lower adipose tissue lipids and elevated 
liver lipids when BD was fed. 
Several researchers have indicated a decrease in adipose tissue 
weight and lipid content when rats received 20% BD in their diets 
(Mehlman et al., 1966; Stoewsand et al., 1965; Tobin et al., 1972). The 
changes in adipose tissue weight and lipid content were interpreted as 
an indication of total body fatness and assumed to suggest a possible 
fat mobilization role for BD. 
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The metabolism of BD was reported by S. Miller et al. (1965) to be via 
carbohydrate pathways. By feeding BD-l-^^C as part of a ration containing 
5% BD it was observed that after 48 hours 90% of the orally ingested 
activity was oxidized and expired as CO2. Gessner et al. (1960) postu­
lated that BD was metabolized to g-hydroxybutyric acid. 
Tate et al. (1971) reported that BD was converted to g-hydroxybutyrate 
by liver alcohol dehydrogenase in liver cytoscl of rats. Later work by 
Mehlman et al. (1971a) has indicated that BD oxidation to g-hydroxybutyrate 
results in production of reducing equivalents in the cytosol. Their work 
has indicated an NAD"^ dependent system that is capable of converting BD to 
g-hydroxybutyrate and that is affected by alcohol dehydrogenase inhibitors. 
The system oxidizes primary alcohols (such as BD) to the carboxylic acid 
state with alcohol dehydrogenase being involved in the initial step. 
Ikumo et al. (1973) compared the enzymatic system for oxidizing BD in 
the chick to that in the rat. BD was found to be oxidized with NAD"^ as a 
cofactor in the cytosol fraction of rat liver and of chicken liver and 
kidney (Ikumo et al., 1973; Mehlman and Veech, 1972). The conversion of BD 
to g-hydroxybutyrate was detected clearly in both chicks and rats. Ikumo 
et al. (1973) suggest that NADP"^ was about 40% as effective as NAD"^ in the 
chick liver and kidney but was ineffective in rat liver. Because of a 
decrease in effectiveness of alcohol dehydrogenase inhibition in the chick, 
it was suggested also that different enzyme systems are involved in the 
chick and rat. 
Work with feeding BD to ruminants has been limited and only recently 
undertaken. Hess (1971) reported that when BD was incorporated into the 
ration of growing calves it seemed to have no effect on rumen pH, volatile 
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fatty acid or blood glucose, but markedly increased blood acetone plus 
acetoacetate concentration. Yoshida et al. (1971) included BD in the 
diets of 8 week old calves and reported normal growth and no digestive 
disturbances. 
The action of BD in regard to adipose lipid mobilization, blood 
ketone levels and blood glucose concentration is similar to those which 
have been reported to alleviate milk fat depression. BD may have 
potential as a dietary additive by itself or in conjunction with other 
additives in the prevention or alleviation of milk fat depression. 
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EXPERIMENTAL PROCEDURE 
Trial I 
Hess and Young (1972) reported short-term effects of BD given to 
cows fed a low-roughage diet containing a high percentage of flaked corn. 
In order to determine long-term effects of 1,3-butanediol (BD) on milk 
fat and other physiological characteristics in cows fed a fat depressing 
ration, seven Holstein cows in early to mid-lactation were assigned to 
one of two high-concentrate low-roughage diets. Cows were divided into 
two groups according to age, stage of lactation, previous production 
records and milk composition during a preliminary period. All animals 
were housed and milked in the Iowa State University dairy maternity bam. 
Milk from cows receiving BD was either fed to calves or poured out. 
The control (fat depressing) diet was a complete ration consisting 
of 64% flaked corn^, 16% protein supplement^, and 20% alfalfa pellets. 
The experimental diet was identical except that 4% of the flaked corn 
was replaced by BD which was equivalent to the level of BD in Trial I 
of Hess and Young (1972). Thus there was 4% BD in the complete diet. 
Preliminary work by Hess (1971) has shown that 6% or more BD in the 
total diet of ruminating calves can cause hyperactivity, muscular tremors 
and reduced gain. 
The flaked corn, prepared by steam heating and rolling, was 
purchased and mixed with the other ingredients by Alleman Cooperative, 
Alleman, Iowa. 
^The protein supplement was 71.5% soybean meal, 9% wheat middlings, 
6% urea, 10% mineral and salt, .5% vitamin prsmix and 3% molasses. 
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During the 24-week trial, following a 3-week adjustment period which 
was used to adjust all animals to the high-grain diets, the daily ration 
was allotted to each animal in equal portions twice daily before miltcing. 
Feeding was adjusted weekly to amounts which would result in less than 
2.27 kg daily weighback. Unconsumed feed was weighed daily to determine 
feed consumption. Individual milk weights were recorded at each milking. 
Milk samples were taken weekly as a composite sample from four consecutive 
milkings. Milk fat was determined by the Babcock method, protein by the 
macro-Kjeldahl method, and total solids gravimetrically (Mojonnier and 
Troy, 1922). Cows were weighed monthly on three consecutive days. 
During the experiment a total of five blood samples were taken at 
periodic Intervals from the jugular vein of each cow about 2 hours after 
the morning milking. Samples were analyzed for glucose, g-hydroxybutyrate 
and acetone plus acetoacetate by procedures described and referenced by 
Hess (1971) and Hess and Young (1972). Rumen fluid was obtained once from 
fatty acid ratios of these samples were determined by using methods 
followed by Hess (1971) and Hess and Young (1972). 
Trial II 
A second trial was conducted to observe the effects of 6% BD when 
incorporated into a high grain diet containing ground corn instead of 
flaked corn. This diet would be more practical than the previous diet 
due to the availability and cost of feeding flaked corn. ITie percentage 
of BD was increased in an attempt to determine if a greater effect on 
preventing or alleviating milk fat depression could be achieved. Tlie 
diet was pelleted during part of the trial. No differences were observed 
in consumption from feeding a pelleted or nonpelleted diet. A second 
objective was to determine if the effects of BD differed between high 
and low milk fat producing breeds. At the start of a 2-week adjustment 
period, six Holstein and six Jersey cows in early to mid-lactation were 
assigned to one of two high-concentrate low-roughage diets. The cows 
remained on these diets for 17 more weeks. Cows were assigned to diets 
by breed as well as by criteria described for Trial I. The control 
(fat depressing) diet consisted of 73% ground shelled corn, 24% soybean 
oil meal (44% protein), 2% dicalcium phosphate, .9% trace mineral salt and 
.1% vitamin premix. The vitamin premix contained vitamins A, D and E. 
The other diet was identical except that 7% of the ground shelled 
com was replaced by BD. The BD level was equivalent to 6% BD in the 
total ration. After 5 weeks on the rations, hay was incorporated into 
the feeding system to help combat rumen stasis and possible rumen acidosis 
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grain mix consumed. The amount of BD in the ration was increased over 
Trial I to see if a greater fat increase could be achieved and to 
investigate whether a lactating cow would be better able to handle 6% BD 
than would growing cattle. 
Milk samples were obtained and analyzed as described in Trial I. 
Blood samples were collected and analyzed once during the preliminary 
adjustment period and three times during the experimental period after hay 
was added to the diet. Rumen fluid was taken once during the experimental 
period. All blood and rumen samples were analyzed as described for Trial 
I. All cows were weighed monthly on three consecutive days. 
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Trial III 
To determine if a higher percentage of BD can be fed in the grain 
portion of diets for lactating cows and in an attempt to obtain a greater 
increase in milk fat, a third trial was conducted using 8% BD in the grain 
mix. The effect of placing cows directly on BD without an adjustment 
period was also investigated. 
Twelve Holstein cows in early to mid-lactation were placed on one of 
two high-concentrate low-roughage diets over a 7-day adjustment period. 
Each group was balanced for age, stage of lactation and previous lactation 
milk and fat production. Group A received BD during period one. Diets 
were reversed after 4 and 8 weeks on the trial. The experiment lasted 11 
weeks and consisted of three periods. The diets were reversed after the 
4th and 8th weeks without an adjustment period, but with close observation 
for signs of abnormal behavior or hyperactivity. This was done to observe 
if any immediate changes would occur and to see if a BD adjustment period 
was necessary. The diet reversals were also used to note if any carry 
over effects occurred. The control grain mix was identical to that used 
in Trial II except that cracked shelled com was substituted for ground 
shelled com. The experimental grain mix was identical except that 8% 
of the cracked corn was replaced by BD. Both grain mixes wara pelleted, 
whereas in Trial II they were not pelleted throughout the entire trial. 
Alfalfa hay was fed at a rate of 1 kg of hay per 3 kg of grain. This 
was more hay than in Trial II and was an attempt to prevent rumen stasis 
and to stimulate appetite. The amount of BD in the total ration was 6%. 
The feeding levels were adjusted weekly. 
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A blood sample was taken before the cows were fed either experimental 
or control rations and also six times over the three experimental periods. 
Blood samples were collected and analyzed as described in Trial I. No 
rumen samples were taken. All cows were weighed monthly on three 
consecutive days. 
Verification of BD in Feed 
The presence of BD was tested in each delivery of feed by a 
colorimetric procedure derived from a qualitative test for alcohols 
described in Shriner et al. (1964). A 5 g feed sample was mixed in 50 
ml of 70 C distilled water by a magnetic stirrer for 5 minutes. The 
mixture was then filtered through cheese cloth and the filtrate centri-
fuged for 10 minutes at 3000 x g. The supernatant was filtered through 
Whatman No. 2 filter paper, then 1 g of Lloyds reagent and .2 g of 
norite A were added to the filtrate. This mixture was stirred with a 
magnetic stirrer for 10 minutes. The mixture was then filtered 
successively through glass wool and Whatman No. 12 filter paper. The 
Lloyds reagent and norite step was repeated unti a clear filtrate was 
obtained. One ml of clear filtrate was added to 2 ml test tube 
containing .5 ml of eerie nitrate reagent (40% eerie ammonium nitrate 
in 2N HNO3) which gives a color response when alcohols are present. 
A color change from yellow to rust was noted for samples containing BD. 
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RESULTS AND DISCUSSION 
Trial I 
In this trial six cows were initially allocated as three control 
cows and three cows to be fed the experimental diet. Cows were allocated 
to groups according to age, stage of lactation and previous lactation 
milk, composition and milk production. One additional cow was placed on 
the control diet a month after the experiment began. One cow was removed 
from the experiment after 14 weeks on the control diet due to severe 
mastitis problems. The results presented represent data collected from 
all animals while on trial. 
The objective of this trial was to determine long-term effects of 
feeding BD to cows with dietary induced milk fat depression. A fat 
depressed control group was used to help distinguish effects of BD on 
alleviating milk fat depression from effects caused by environmental 
factors. During a 2-week period all animals were slowly transferred from 
their normal diet to either the control or BD containing diet. 
î-lilk production and milk composition data are presented in Table 1. 
The fat percentage for both groups decreased during the early weeks of the 
experiment (Figure 1). The group fed BD had a delay in fat depression as 
compared to the control group, but both groups exhibited fat depression 
from the preliminary period average of 3.0% for control and 3.3% for 
animals to be fed. The BD fed cows, in all but one week, remained above 
the control cows in fat percentage. All animals were fat depressed; 
however, both groups showed increased fat percentages as the trial pro­
gressed. This could be anticipated due to normal decreased milk 
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Figure 1. Weekly averages of milk fat percentages for cows fed a high-concentrate diet 
with and without 1,3-butanediol 
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production that occurs as the lactation progresses. Weekly and environ­
mental variations followed similar trends for both groups. 
Table 1. Effects on milk production, milk fat, milk fat production, 
protein, total solids, feed consumed and body weight change 
from feeding 1,3-butanediol to cows on a fat depressing diet 
(Trial I) 
Group 
Measurement Control BP fed 
Milk production (kg/day) 20.5 24.9 
Milk fat (%) 1.83 2.07 
Milk fat production (kg/day) .38 .52 
Milk protein (%) 2.89 3.21 
Total milk solids (%) 9.64 10.37 
Feed consumed (kg/cow/day) 13.9 15.3 
Body weight change (kg/cow/day) .42 .20 
Statistical analysis of the data indicated that variation in milk 
production and composition was greater between animals within a group than 
between treatment groups. The effect of the fat depressing diet tended to 
be more severe on control than BD fed cows. The difference in the effect 
was not significant, however, probably due to the small number of cows 
involved. Milk production levels decreased during the BD feeding period 
faster than those observed normally during a lactation. During the fifth 
week of the BD feeding period when all animals were on test, average milk 
production for BD and control animals was 32 and 27 kg, respectively. 
This decreased to 14 and 13 kg for BD and control animals by the end of 
the trial. Some decline could be expected over a six month study since 
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normal milk production would decline during a lactation and milk fat 
percentage would be expected to simultaneously increase slightly. 
Additional decline could be partially accounted for by rumen stasis 
problems and lack of appetite which could be related to the high-grain 
low-roughage type of diet which was being fed. 
Milk protein percentages increased for both groups of animals from 
the preliminary to the experimental period during the trial. This 
increasing effect is often found when high-grain diets are fed. The 
experimental group produced more protein than did the control group 
during the last 15 weeks of the trial. This would tend to indicate that 
the increased milk protein production, which is observed when high-
concentrate rations are fed, can be maintained when the fat depression 
is at least partially alleviated by BD feeding. The pattern followed 
by total solids followed the trends set by fat percentages. No sig­
nificant differences were observed between groups for either milk 
 ^^   ^J C 1 "T C or* •" 1 rr rj 
Feed intake and body weight changes also are given in Table 1. Feed 
intakes were less than anticipated for both groups. Feed consumption 
was higher for the experimental group than for the control group which 
would suggest that no palatability problems resulted from the incorpora­
tion of BD into the diet. This response cannot be separated from total 
milk production levels which were also higher. The lower body weight 
gains observed in the experimental group could represent a fat mobilizing 
effect for BD. The combination of higher feed consumption, higher milk 
fat production and lower weight gains by experimental animals is 
consistent with a role of BD as an adipose mobilizing agent that 
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increases milk fat production but does not decrease feed consumption or 
milk production. 
Values for blood glucose and blood ketones are presented in Table 2. 
Blood glucose concentrations within normal reported ranges were observed 
for both groups. Normally total blood ketone concentrations are well 
below 10 mg/100 ml. Both groups were below this level but the total 
ketone level of the BD fed group was almost twofold greater than that 
exhibited by the control group. The ratio of acetone plus acetoacetate 
to 3-hydroxybutyrate is normally less than one in cattle. The effect of 
BD seems to increase the concentration of circulating blood ketones. The 
levels of B-hydroxybutyrate were increased but a greater increase of 
almost fourfold in the acetone plus acetoacetate concentration was noted 
among BD fed cows over control cows. While feeding BD at 4% of the diet 
did not cause abnormally high levels of blood ketones it did result in an 
increase. 
Rumen pK ai iu ratios of volatile fatty acids also ara reported in 
Table 2. Average rumen pH values of 6.0 and 5.5 are within ranges reported 
for cattle fed high grain diets (Hess, 1971). Also, the value for control 
animals may be slightly high due to the possible contamination of one 
sample by saliva. Thus BD seems to have little effect on rumen pH. 
The normal ratio of acetate to propionate to butyrate is in the 
general range of 65:20:10, respectively. The high-concentrate diets 
lowered the acetate to propionate ratio of both groups. The BD fed 
animals had slightly higher acetate and lower propionate ratios as com­
pared to control cows. The butyrate ratio was near normal for the control 
cows but was increased somewhat for the BD fed group. 
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Table 2. Effects on glucose, total ketones, acetone plus acetoacetate 
and gr-hydroxybutyrate in blood and rumen pH and volatile fatty 
acid levels from feeding 1,3-butanediol to cows fed a fat 
depressing diet (Trial I) 
Group 
Measurement Control BP fed 
Flood* 
Glucose (mg/100 ml) 47.4 45.3 
Total ketones (mg/100 ml) 2.40 4.39 
Acetone and acetoacetate (mg/100 ml) .36 1.37 
3-hydroxybutyrate (mg/100 ml) 2.04 3.02 
Rumen^ 
Rumen pH 6.0 5.5 
Acetate (molar %) 45.1 48.4 
Propionate (molar %) 35.8 34.6 
Butyrate (molar %) 10.8 14.3 
^Data represent five samplings of all animals except 5901 which was 
^Data represent one sampling of all animals except 5901. 
In summarizing this trial, BD can be incorporated into low-roughage 
flaked corn diets of lactating cows at the level of 4% with no apparent 
related difficulties as was previously reported by Hess and Young (1972). 
Production results indicate that the ratio of fiber to concentrate may 
have been too low to maximize milk production; however, severe milk fat 
depression was obtained. The fat production of cows fed BD versus 
control cows indicated a favorable trend toward the BD fed cows even 
though the effect was not great enough to be statistically significant. 
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possibly because the number of cows was small. Milk protein level does 
not seem to be decreased due to the partial alleviation of milk fat 
depression caused by feeding BD. There were no palatability problems 
involved with incorporation of 4% BD in the total diet. Body weight 
changes indicate a trend toward lower body weight gains among BD fed 
cows than among controls. The blood and rumen data were similar to 
that observed in previous work by Hess (1971) and Hess and Young (1972). 
The total ketone concentrations among cows fed BD were higher than for 
controls. Blood glucose and rumen pH levels were not significantly 
different between groups and were within normal ranges. Rumen volatile 
fatty acid levels were at normal fat depressed levels but the cows fed 
BD showed a trend, although not significantly different, toward higher 
acetate and butyrate ratios and lower propionate ratios. 
Trial II 
Trends reported by lless and Youug (1972) were again observed in 
Trial I. The low level of production and limited improvement in milk 
fat percentage from the addition of 4% BD were major considerations in 
the alteration of the diet and the increase in percentage of BD incor­
porated from Trial I to Trial II. In an attempt to achieve differences 
with statistical significance more animals were used in the study. The 
total feed consumption data consists of grain mix plus hay consumed 
during the trial. 
The objective of Trial II was to show that BD had a positive effect 
on fat production of cows fed a fat depressing diet. The trial was 
designed also to observe whether BD had a different effect on different 
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breeds of cattle which produce different percentages of fat (Holstein and 
Jersey cows). The amount of BD incorporated into the diet was increased 
to 67o to possibly achieve greater alleviation of milk fat depression. It 
also seemed possible that a lactating cow could have a greater ability 
to utilize BD than would a calf or nonlactating cow because of the large 
amount of precursors required to synthesize milk fat. Animals were 
transferred to the control or BD containing diets over a 7-day period. 
Milk production data are presented in Table 3 for cows on Trial II. 
Average milk production was less for cows fed BD than control cows at 
the beginning of the trial. The difference in production was consistent 
throughout the trial. The Jerseys receiving BD showed an increase in fat 
percentage during the first week they were tested on the fat depressing 
diet (Figure 4). The average fat percentage for all cows showed a 
decrease during the first 3-4 weeks (Figure 2). The fat percentage of 
cows fed BD remained above or essentially equal to that of control cows 
during the entire experimeriLal peiiuu. Tui& was true for both Holstcins 
and Jerseys. The initial fat depression seemed to lessen as the cows 
remained on the fat depression ration. As lactation progresses and pro­
duction declines, milk fat percentages normally increase somewhat. 
Weelcly and environmental variations in milk fat on both diets were 
similar for cows of both breeds (Figures 3 and 4). Statistical analyses 
did not detect significant differences in any of the measured milk 
parameters. The limiting of milk fat depression observed in Trial I 
and by Hess and Young (1972) was again observed and was consistent for 
both breeds as is indicated also by Table 3. Milk production was more 
uniform during Trial II than during Trial I. A sharp decrease in milk 
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Table 3. Effects on production, milk fat percent, milk fat production, 
protein percent, total solids percent, feed consumed and body 
weight change from feeding 1,3-butanediol to cows on a fat 
depressing diet (Trial II) 
Measurement 
Group 
Control BP fed 
All cows 
Milk production (kg/day) 19.3 16.0 
Milk fat (%) 3.03 3.55 
Milk fat production (kg/cow/day) .58 .57 
Milk protein (%) 3,76 3.69 
Total milk solids (%) 12.13 12.69 
Feed consumed (kg/cow/day) 14.69 13.81 
Body weight changed (kg/cow/day) .56 .31 
Holsteins 
Milk production (kg/day) 27.1 22.2 
Milk fat (%) 2.3 2,7 
Milk fat production (kg/cow/day) .62 .60 
Milk protein (%) 3.38 3,34 
Total milk solids (%) 10.92 11.25 
Feed consumed (kg/cow/day) 17.38 16,90 
Body weight change (kg/cow/day) .80 .48 
Jerseys 
Milk production (kg/day) 11.5 9.7 
Milk fat (%) 3.8 4.4 
Milk fat production (kg/cow/day) .44 .43 
Milk protein (%) 4.13 4.04 
Total milk solids (%) 13.34 14.13 
Feed consumed (kg/cow/day) 11.99 10.72 
Body weight change (kg/cow/day) ,33 .14 
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Figure 2. Weekly averages of milk fat percentages for all cows fed a high-concentrate diet 
with and without 1,3-butanediol 
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Figure 3. Weekly averages of milk fat: percentages for all Holstein cows fed a higli-concentrate 
diet with and without 1,3-butanediol 
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Figure 4. Weekly averages of milk fat percentages for all Jersey cows fed a high-
concentrate diet with and without 1,3-butanediol 
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production was observed for all cows during the ninth week of the trial. 
This was an environmental factor caused by a barn door blowing open 
during a cold winter night. 
An initial drop in average milk protein percentage was observed but 
tended to equalize at preliminary levels, after the fourth week of the 
trial. Both dietary groups tended to be about equal and follow similar 
patterns of variation. After milk fat depression had occurred a gradual 
upward trend was observed in milk protein percentages. A similar trend 
was reported previously in Trial I. 
In this trial the total solids concentration in milk from control 
cows was slightly lower than that from cows fed BD. The cows fed BD, 
however, showed more weekly variation of total solids percentage than did 
controls. This trend was also observed in the fat percentage and was 
especially apparent in the Holstein data. 
Averages for feed intake and body weight changes are also given in 
Tabic 3. In this trial, however, control cot-ts rnnRnmed rlightly more 
feed than experimental cows. This difference was not significant and no 
palatability problems were observed in respect to the BD fed cows. The 
body weight gain data again indicate that animals receiving BD gained 
less weight than animals on the control diet. This was true for both 
Holsteins and Jerseys but was especially noticeable among the Jerseys. 
Blood glucose and blood ketone values for all animals in Trial II 
are presented in Table 4. Blood glucose levels were normal for both 
dietary groups. Blood ketone concentrations within normal ranges were 
observed for both groups; however, cows fed BD exhibited higher total 
blood ketone levels than control cows. The average increase in blood 
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Table 4. Effects on glucose total ketones, acetone plus acetoacetate and 
3-hydroxybutyrate in blood and rumen pH. and rumen volatile fatty 
acid levels from feeding 1,3-butanediol to cows fed a fat 
depressing diet (Trial II) 
Group 
Measurement Control BP fed 
All cows 
Blood* 
Glucose (mg/100 ml) 53.7 49.8 
Total ketones (mg/100 ml) 2.82 4.93 
Acetone plus acetoacetate (mg/100 ml) .11 .56 
B-hydroxybutyrate (mg/100 ml) 2.71 4.37 
Rumen^ 
Rumen pH 5.6 5.8 
Acetate (molar %) 49.0 55.4 
Propionate (molar %) 35.0 25.2 
Butyrate (molar %) 10.9 11.3 
HoIsteins 
Blood 
Glucose (mg/100 ml) 54.4 48.4 
Total ketones (mg/100 ml) 2.88 5.87 
Acetone plus acetoacetate (mg/100 ml) .13 .80 
B-hydroxybutyrate (mg/100 ml) 2.75 5.07 
Rumen 
Rumen pH 5.6 5.8 
Acetate (molar %) 44.3 57,9 
Propionate (molar %) 35.3 27.9 
Butyrate (molar %) 11.2 10.6 
Jerseys 
Blood 
Glucose (mg/100 ml) 53.1 51.2 
Total ketones (mg/100 ml) 2.76 3.76 
Acetone plus acetoacetate (mg/iOû ml) .09 .32 
B-hydroxybutyrate (mg/100 ml) 2.67 3.44 
Rumen 
Rumen pH 5.4 5.9 
Acetate (molar %) 53.7 54.8 
Propionate (molar %) 34.7 22.6 
Butyrate (molar %) 10.6 11.9 
^Data represent three samplings of all cows, 
^Data represent one sampling of all cows. 
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ketones for cows fed BD in Trial II was almost twofold above the normal 
concentration exhibited by the control group. This was consistent with 
data reported in Trial I. 3-Hydroxybutyrate was partly responsible for 
the increase in total ketone levels; however, the level of acetone plus 
acetoacetate was increased approximately fourfold. This finding was 
consistent with results reported in Trial I. 
BD incorporated at 6% of the grain diet of Trial II animals resulted 
in normal blood glucose and blood ketone concentrations as was also 
reported in Trial I. Total ketone concentrations were increased over 
Trial I levels by only .54 mg/lOO ml and were at levels that would not be 
considered abnormally high. 
Rumen pH and volatile fatty acid ratios for Trial II are reported 
also in Table 4. Similar data for Holsteins and Jerseys also are 
separately reported in Table 4. Cows on the BD diet had a slightly 
higher average rumen pH but both groups were well within normally 
accepted ranges, ine relative amount of acetate averaged for ail cows 
on the BD diet was higher than for all cows on the control diet. Both 
groups were below the proportion of acetate considered normal. The 
acetate to propionate ratio of BD fed animals was nearer normal for both 
breeds than was reported in Trial I. The average propionate percentage 
for all BD cows was reduced almost to 20 molar percent which is considered 
normal. 
In Trials I and II the proportion of butyrate was higher for all cows 
fed BD than for control cows. In Trial II, the average level of butyrate 
was near normal for both groups. 
This trial indicated BD can partially alleviate milk fat depression. 
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This partial alleviation may be the result of improved rumen volatile 
fatty acid ratios. The VFA level for BD fed cows was nearer normal than 
those observed for control cows. The decreased feed consumption observed 
for BD cows may have been an indication of a BD effect but was more 
likely a reflection of the lower milk production of BD cows throughout 
the trial. 
An encouraging effect of BD is the apparent ability of BD animals to 
produce somewhat more milk fat and less body fat. There were no adverse 
effects observed from feeding BD at 5.6% of the total high-grain ration. 
Both diets may have slightly limited consumption since this corn was 
finely ground. In order to help eliminate this and to further check for 
a physiological limit to BD feeding, a third trial was designed. 
Trial III 
Since no breed differences were observed in Trial II it was decided 
fo ori  ITT HQP ono hropH of mr.TO i  n Trial  I  IT A nrain mi v rnnfsininn 
cracked com and 8% BD was fed along with limited hay. 
In this trial, 12 cows were divided into groups A and B. The 
experimental design utilized a switch back design. One cow was removed 
from group A after four weeks due to mastitis. Data in period one of 
this trial consist of information from all 12 cows for four weeks. For 
the remaining two periods, 11 cows are included. 
The objective of this trial was to slightly increase the amount of 
BD incorporated into the grain mix, while utilizing a diet that would 
cause slightly less severe depression of milk fat due to increased hay. 
The switch back design was used to determine if BD could be shewn to be 
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significant In alleviating milk fat depression by exposing more cows to 
BD. The control group was again used to help account for environmental 
variation. 
Milk production, milk composition and feed consumption data are 
given in Table 5 for cows receiving control and BD containing diets. 
Feed consumption was nearly equal between groups and when compared to 
Holsteins receiving a similar diet in Trial II. Milk production for 
both groups was also similar to Holstein cows in Trial II. Body weight 
gains were again less for cows receiving BD as was reported in Trials I 
and II. Total solids and milk protein percentages were lower than were 
observed for Holsteins in Trial II but were similar between the control 
and BD diet. Averages in milk fat percentages were lower for both 
control and BD fed animals in Trial III than for Holsteins in Trial II. 
Table 5. Effect on production, milk fat percent, milk fat production, 
protein percent, total solids percent, feed consumed and body 
weight change from feeding 1,3-butanediol to cows on a fat 
(iepresRTrig diei: (Trial III) 
Diet 
Measurement Control & BD fedb 
Milk production (kg/day) 22.3 23.0 
Milk fat (%) 1.95 2.12 
Milk fat production (kg/cow/day) .43 .49 
Milk protein (%) 2.99 3.01 
Total milk solids (%) 9.87 10.06 
Feed consumed (kg/cow/day) 16.9 17.7 
Body weight change (kg/cow/day) .63 .43 
^Represents data from group B during periods one and three and 
group A during period two. 
^Represents data from group A during periods one and three and 
group B during period two. 
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A slightly different view of milk fat production is presented in 
Figure 5 than was presented in earlier trials. When the BD diet was fed 
to group A, there was a slight increase in milk fat percentage for the 
first week which was followed by a decline at a rate similar to that 
observed by animals receiving the control diet. The initial magnitude 
of milk fat depression was greater for controls than for BD fed animals; 
however, a recovery was noted for both groups during the fourth week and 
control animals actually exceeded BD fed animals in fat percentage for 
a week. The effects of BD and/or the ration may not have been totally 
stabilized when diets were reversed at the end of the fourth week. The 
observed milk fat percentages during the next four weeks are hard to 
explain since cows receiving BD declined in milk fat production more 
than control cows. One possible explanation may be that the decline 
was a continuation of the initial depression observed in the first 
period. Another possibility was that the level of BD incorporated into 
f" h o rrr-o-în mi -v t.toc t-ho m-nfi tniitn 1 onH hoH rloo-roocoH o-F-Fci r*-h-î — 
ness in alleviating milk fat depression. Milk fat percentage for group 
A remained above group B in period three but did not return to or near 
normal levels. 
The percentage of milk fat by periods is presented in Figure 6. 
Group A was higher in fat percentage during each of the three periods. 
One explanation could be that BD was able to minimize the fat depressing 
effect when the cows were initially placed on a fat depressing diet. The 
effect possibly was noted in that group A animals did not depress to the 
extent group B did during any of the three periods. This is in contrast 
to group B which had been severely fat depressed before receiving BD and 
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Figure 5. Weekly averages of milk fat percentages for cows fed a high.-concentrate 
diet with and without 1,3-butanediol 
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Figure 6. Period averages of mille fat percentages for cows fed a high-concentrate 
diet with and without 1,3-butanediol 
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recovered only slightly during the second half of period two and the start 
of period three. Group B did not increase in average fat percentage dur­
ing period two as was expected. Group A had almost equal fat production 
during periods two and three which might suggest there was no additional 
effect from re-administering BD or that the time period involved was too 
short for an effect to become measurable after diets were changed again. 
Blood ketone and glucose data by diet are presented in Table 6 and by 
periods in Table 7, respectively. Examination of blood data indicates 
some surprising trends. Average blood ketones remained within normal 
ranges throughout the trial; however, unusually high individual concen­
trations were observed for cows on the control diet. One would normally 
expect lower ketone levels when a high-grain diet is fed. No explanation 
of this nonconformity to Trials I and II is given. The increase in ace­
tone plus acetoacetate that v,as previously observed in Trials I and II was 
not noted in BD fed cows. 
Table 6. Effect on glucose, total ketones, acetone plus acetoacetate and 
S-hydroxybutyrate in blood from feeding 1,3-butanediol to cows 
fed a fat depressing diet (Trial III) 
Diet 
Measurement^ Control^ BD fedc 
Glucose (mg/100 ml) 46.1 46.3 
Total ketones Crag/100 ml) 7.17 4.68 
Acetone plus acetoacetate (mg/100 ml) 1.14 .64 
3-hydroxybutyrate (mg/100 ml) 6.03 4.04 
^Data represent five samplings of all cows except 5640 which was 
sampled only once. 
^Represents data from group B during periods one and three and 
group A during period two. 
^Represents data from group A during periods one and three and 
group B during period two. 
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Table 7. Effect on glucose, acetone plus acetoacetate and 
g-hydroxybutyrate in blood from feeding 1,3-butanediol 
to cows fed a fat depressing diet (Trial III by periods) 
Dietary group 
Period ^ 
Acetone plus acetoacetate (mg/lOO ml) 
Preliminary .22 .28 
Period 1 .62 1.59 
Period 2 .81 .55 
Period 3 .75 1.02 
3-hydroxybutyrate (mg/100 ml) 
Preliminary 3.50 5.50 
Period 1 3.81 5.51 
Period 2 6.08 4.06 
Period 3 4.25 6.50 
Glucose (mg/100 ml) 
Preliminary 48.9 44.4 
Period 1 38.9 33.1 
Period 2 54.9 53.9 
Period 3 46.2 50.3 
^Group A was fed BD diet, control diet, BD diet. 
^Group B was fed control diet, BD diet, control diet. 
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3-Hydroxybutyrate concentrations for group B decreased when the cows 
were fed the BD diet, whereas group A cows showed the reverse when taken 
off BD and placed on the control diet. This same trend was observed for 
acetone plus acetoacetate. These ketone changes are not consistent with 
results of previous trials, and thus are not adequately explainable. 
Possibly ketone turnover rates could have given further explanation for 
these changes. The cows never exhibited physical signs of ketosis; 
however, periodic colorimetric tests of urine for ketones^ revealed some 
marginal ketosis cases in various cows on the BD diet. This may possibly 
indicate that BD was producing mild short-lived cases of ketosis or 
chronic borderline ketosis which were preventing animals from responding 
as in previous experiments. Adequate data were not collected to accept 
or reject the hypothesis and no other explanation will be offered. Blood 
glucose levels exhibited no unusual trends for either group when fed 
either diet. 
Overall evaluation of the criai is difficult because ui Lue i;uiii;j.asL-
ing blood ketone data as well as the inconsistent responses in the milk 
fat percentage. One explanation of the observed responses of Trial IÎÏ 
would be that BD tends to alter fat metabolism in the body, and that 
there is an optimum level of dietary BD incorporation to achieve this 
alteration. Second, the length of time required for BD to show an effect 
may have been longer than was allotted to the three individual periods. 
Third, the effectiveness of BD to prevent may be greater than to 
alleviate milk fat depression. 
^The urine samples were tested qualitatively by the "Ketone test" 
kit from Fort Dodge Laboratories, Inc., Fort Dodge, Iowa. 
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GENERAL DISCUSSION 
As production costs continue to increase and as milk producers strive 
to achieve greater efficiency and higher production per animal it becomes 
increasingly important to have an acceptable means of at least partially 
alleviating or preventing milk fat depression. In all three trials, BD 
has tended to have a positive effect on milk fat percentage of animals 
fed a fat depressing ration as compared to animals fed an equivalent 
ration without BD. 
Feeding high-concentrate low-roughage diets has been shown to 
increase efficiency of milk production when up to 50% concentrate was 
included in the diets of lactating cows. Decreases in efficiency were 
noted due to milk fat depression when concentrate levels were increased 
further (Coppock et al., 1964). The higher propionate levels, which are 
observed with a fat depressing diet, result in more available metabo-
lizable energy but the efficiency of energy utilization decreases due to 
milk fat depression (Hawkins et al., 1963). Energy efficiency has been 
reported to be at a maximum at levels of concentrate feeding that are 
near those which have been shown to cause milk fat depression. These 
diets usually contain 50 to 65% concentrates and less than 15% crude 
fiber. When a high-grain diet causes decreases in milk fat percentage 
a simultaneous increase in body fat deposition is often observed. 
Milk fat depression from high-grain feeding is often accompanied by 
a simultaneous increase in protein percentage (Varman and Schultz, 1968; 
Yousef et al., 1970). An increase in protein may be increasingly 
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important in future years, if it can be attained without sacrificing milk 
fat percentage or efficiency of milk production. 
These trials have shown an increase in protein during the milk fat 
depressing period as compared to preliminary levels. No decrease in milk 
protein percentage was observed when milk fat depression was partially 
alleviated by feeding BD. Presently feeding high-grain diets to produce 
higher protein milk does not appear to be practical because of the loss 
of energy caused by the decreased milk fat. Also adding BD to a high-
grain diet is expensive. Incorporation of BD into future cattle rations 
will be partially dependent on cost of feed grains as well as cost of BD. 
The future availability or cost of BD is unpredictable at this time, but 
BD may need future consideration as a means for preventing milk fat 
depression in addition to being considered as an energy source. The 
metabolizable energy value of BD in cattle has not been determined; 
however. Miller and Dymsza (1967) have reported a metabolizable energy 
value of 6.6 kcal/g when BD was incorporated into rat diets. 
The trials in this dissertation have further confirmed the work by 
Hess and Young (1972) that BD can be utilized to at least partially 
alleviate milk fat depression. Researchers have reported other dietary 
additives which also partially alleviate milk fat depression. Besides 
1,3-butanediol, sodium bentonite (Rindsig et al., 1969; Schultz and 
Bringe, 1969), partially delactosed whey (Ruber et al., 1969), sodium 
bicarbonate (Emery and Brown, 1961; Miller et al., 1965), and magnesium 
oxide (Emery et al., 1965) all have been utilized to help eliminate milk 
fat depression. Of these treatments only BD and delactosed whey serve as an 
energy source to the cow. In these trials BD was substituted into the diets 
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by replacing a portion of the corn. This is possible since it is also an 
energy source in addition to being a means of alleviating milk fat 
depression. Because BD is substituted for corn in the diet instead of 
being an additional ingredient, part of its cost may be considered as 
part of the basic diet cost. This is in contrast to other methods of 
preventing milk fat depression which are usually incorporated in addition 
to other ingredients. 
BD may be more beneficial in alleviating milk fat depression (Hess, 
1971) than using sodium bentonite, bicarbonates or magnesium oxide because 
it does not cause a decrease in feed consumption. Hess (1971) reported 
no palatability problems when BD was fed to calves. At toxic levels of 
6 and 8% BD, feed consumptions were higher than at the 4% BD; however, 
feed efficiencies and rates of gain were decreased. In BD feeding trials 
with rats, dietary levels of 10-20% BD in the diet did not decrease feed 
consumption (Miller and Dymsza, 1967; Mehlman et al., 1970). In Trial III 
S% ED was incorporated into the grain mi:: (5% in total raticr.) with no 
adverse effects observed on feed consumption. The results of this trial 
seem to indicate that lactating cows are able to utilize higher levels of 
BD than calves. The reason for this difference cannot be adequately 
explained until more detailed metabolic studies are conducted. 
Blood and rumen data revealed no consistent trends that would explain 
differences in milk fat production, Hess and Young (1972) reported simi­
lar conclusions. Body weight changes were similar for all three trials 
with cows receiving BD gaining less than control cows. Decreased body 
lipid deposition was reported in rats fed BD (Mehlman et al., 1966; 
Mehlman et al., 1971b ; Stoewsand et al., 1965). This could mean BD 
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either increased mobilization or decreased deposition of lipids in the 
body. No body composition studies were conducted and thus no data 
related to these possibilities were available from the present study. 
This could be studied by using labeled BD in conjunction with the study 
of the pathway of BD metabolism in cows. 
Hess and Young (1972) have proposed several possible theories per­
taining to the effect of BD on milk fat depression. These include 
increased lipid mobilization and/or decreased adipose lipid deposition, 
an interaction between sites a:id levels of BD and propionate metabolism 
in regard to milk fat depression or availability of additional 
3-hydroxybutyrate units for fatty acid synthesis. 
In future metabolic studies involving BD in cattle the question of 
the possible oxidation of BD to 3-hydroxybutyrate should be examined. 
This pathway was first suggested in rats by Mehlman et al. (1971a) and 
later confirmed by Tate et al. (1971). Hess and Young (1972) suggested 
that the ruminant probably c,lco c::idizes BD to S-hydroxj'b'jtyratp. 
However, tolerance levels in nonlactating animals were not as high 
(Hess. 1971). Their trials indicated changes in total blood ketones 
occurred but these changes were not conclusive in regard to the altered 
milk fat production. 
The three trials which were conducted during this study have further 
indicated that BD can alter the effects of milk fat depression caused by 
high-concentrate diets as was indicated in earlier work by Hess and Young 
(1972). The results of this study are not applicable on a large scale 
and more research is necessary before a complete picture of BD action in 
ruminants can be described. 
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The most helpful information pertaining to the effectiveness of BD 
could be obtained if greatly increased numbers of cows could be fed this 
petrochemical. However, many legal aspects of incorporation must first 
be met. At the present time the loss of milk sales incurred in 
discarding the large quantities of milk involved is cost prohibitive and 
wasteful. 
Studies with numerous other feed additives such as whey, bentonite 
or bicarbonates have also partially remedied milk fat depression. A 
possible next step with cows, or at least with some type of ruminant 
with milk fat depression, would be to utilize two or more of these 
products in combination as a treatment. The proportions and effective­
ness of different combinations could be studied in limited numbers of 
experimental animals. 
Another possible direction of BD research in fat depressed animals 
could be metabolic studies on liver or kidney samples similar to work 
done previously on chiclcc (Ilcuir.c ct cl., 1973) or rats (Mehlman et al., 
1966, 1970, 1971a,b, 1972). Liver samples could be taken during the 
fat depression period and analyzed for changes in glycogen, ketones and 
BD content. These analyses could be run on blood samples and liver 
biopsy samples taken during the trial. 
A logical next step would be the addition and tracing of labeled BD 
in cattle. This could give a better description of the amount of utiliza­
tion of BD as well as its mode of action in the fat depressed and normal 
cow. This information could yield valuable insight into the optimum level 
of BD incorporation into diets. Additional research into the method of 
metabolism and optimum level of incorporation in calf diets could be 
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obtained by using liver samples perfused with BD similar to work by 
Mehlman et al. (1971a,b). This information could give a better under­
standing of why lactating animals seem better able to utilize levels 
of BD above 4 to 5%. 
Powell (1939) reported the effects of roughage on long-term fat 
depression. Some studies should be conducted on the effects of BD on 
cows with long-terra fat depression or which have received BD for long 
periods of time. These studies should include metabolic studies of 
blood and rumen VFA constituent levels, and also long-term rumen, liver, 
kidney, and reproductive effects of BD feeding. The study should also 
include milk production and composition while on experiment, after the 
experiment and in future lactations. Stage of lactation may be important 
to magnitude of response to BD incorporation. The effect of BD may be 
more effective in preventing rather than alleviating milk fat depression. 
A similar study could also be conducted on cows fed a normal or minimal 
fat depressing diet. The study of BD in milk fat depressed cows has left 
many questions unanswered. These answers could be obtained more quickly 
if BD could be shown to be absent in the milk of lactating cows receiving 
BD. This could possibly move BD toward approval for incorporation into 
cattle diets. The Information obtained from previous BD work involving 
ruminants can provide two possible guidelines. One is that BD can be 
incorporated into ruminant diets with an effect on milk fat depression. 
BD incorporated into cow diets is easily handled, creates no palatability 
problems, causes no problems in pelleting and can reduce the dust level 
normally associated with a ground diet. Second, some effect seems to be 
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lost and possible negative symptoms can arise from additions of BD in 
excess of 4 to 5% of the total ration. 
In summary, ruminant trials involving BD have indicated varied 
efficiency in alleviating milk fat depression. More studies are 
needed, however, to determine the optimum level of incorporation and 
the metabolic pathways involved in obtaining an effect from BD. 
Many questions remain unanswered pertaining to the efficiency of 
BD in alleviating milk fat depression as well as the effect of BD on 
cows which are not afflicted with milk fat depression. 
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SUMMARY 
Three trials were conducted to determine the optimum level of BD 
incorporation into high-grain low-roughage diets to alleviate or prevent 
milk fat depression. Trial I utilized 7 cows fed 4% BD in a high flaked 
corn ration to determine if BD would prevent milk fat depression. The 
second trial utilized 12 cows (6 HoIsteins and 6 Jerseys) fed a high 
ground corn ration containing 5.6% BD in an attempt to prevent milk fat 
depression and to observe any breed differences in treatment response. 
Trial III utilized 12 Holsteins in a switch back design experiment using 
6% BD to prevent milk fat depression and to note any carry over or adjust­
ment differences. Comparisons were between the experimental and control 
groups on equivalent rations except for BD addition. 
In Trials I and II milk fat percentage was higher for BD fed cows. 
Body weight gains were lower for BD fed cows and feed consumption levels 
were equal for both groups. In Trial III cows initially receiving BD 
showed a higher milk fat percentage throughout the trial. The milk fat 
depression observed in all trials resulted in a simultaneous increase in 
milk protein percentage for all cows which did not decrease due to 
partial alleviation of milk fat depression. Normal milk production 
decreases were observed for all animals on trial but no decrease could 
be directly related to BD feeding. 
BD had no effect on rumen pH or on rumen volatile fatty acid ratios 
when checked during Trials I and II. Total blood ketone levels were 
higher for BD fed cows on Trials I and II and inconclusive in Trial III. 
Blood glucose levels were unchanged between groups in all trials. 
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The results of these trials indicate that BD incorporation into 
high-grain low-roughage diets tends to decrease milk fat depression. 
These trials did not result in a return of milk fat to the predepression 
levels; however, BD fed cows on the long-term treatment depressed less 
and remained at a slightly higher plane of milk fat percentage than did 
control animals. Both control and BD fed groups showed a slight Increase 
in milk fat percentage and a decrease in milk production as the trial 
progressed. Milk protein percentage during the fat depressing period 
tended to be higher for both groups than their respective preliminary 
periods. The protein percentage did not decrease when BD was fed to 
alleviate milk fat depression. No adverse long-term effects were 
observed. There appears to be no difference in response to BD feeding 
between high and low fat producing breeds on a fat depressing diet. 
BD did not appear to cause any severe physiological disturbances 
in cows when added as the sole milk fat depression preventative at 
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Blood glucose levels were not altered due to BD incorporation. 
Total blood ketones often increased but characteristic ketosis symptoms 
were not observed. Weight gains of animals fed BD were less than control 
animals. This may be due to mobilization of body fat or decreased depo­
sition of body in relation to an increase in milk fat percentage. BD may 
be useful to prevent excessive fattening of animals on a high-grain 
ration. No palatability problems were observed. Feed consumption was 
similar for BD and control groups. BD is colorless, odorless and readily 
acceptable in cow rations up to 6% of the total diet. 
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The optimum economic and physiological level of BD incorporation 
appears to be between 4 and 6% of the total ration. There may be a 
synergistic effect of incorporation of BD in conjunction with other 
methods of milk fat depression. 
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Table 8. Previous lactation records, cow pairings and dietary assignments 
(Trial I, II and III)a 
Cow Date Date Milk produced Average Pair 
num- of of previous 305 fat num- Assignment 
ber birth calving day lactation test ber Diet Breed BD 
lb % 
Trial I 
5563 6-15-64 1-6-72 17,450 3.4 1 1 Hoi + 
6038 9-2-67 2-3-72 22,770 3.9 3 1 Hoi + 
6192 11-9-68 1-4-72 20,300 3.6 2 1 Hoi + 
5801 1-31-66 12-28-71 20,690 3.5 1 2 Hoi -
5901 11-4-66 3-3-72 19,040 3.5 3 2 Hoi -
5908 11-16-66 4-17-72 18,700 3.4 2 Hoi -
6179 10—8—68 1-17-72 19,670 3.1 2 2 Hoi -
Trial II 
5785 12-18-65 10-12-72 20,180 3.1 6 5 Hoi -
5892 10-12-66 9-26-72 8,150(a) 5.9 2 5 Jer -
5977 4—6—67 7-12-72 20,160 3.8 4 5 Hoi -
6123 3-19-68 7-27-72 11,430 4.0 1 5 Jer -
6198 11-30-68 9-22-72 8,070 5.9 3 5 Jer -
6289 7-19-69 7-28-72 16,560 3.6 5 5 Hoi -
5876 8-19-66 10-14-72 19,000 3.3 6 6 Hoi + 
6031 8-10-67 8-14-72 20,340 3.4 4 6 Hoi + 
6094 1-24-68 7-9-72 11,130 4.5 1 6 Jer + 
6170 8-27-68 8-17-72 9,570 5.5 3 6 Jer + 
6266 5-16-69 7-6-72 17,100 3.5 5 6 Hoi + 
6293 /-23-6y B-26-/2 7,350 5.9 2 6 Jer + 
Trial III 
5640 12-29-64 11-21-72 18,680 3.8 5 8 Hoi + 
5876 8-19-66 10-24-72 19,000 3.3 1 8 Hoi + 
6192 11-9-68 1-4-72 16,120(b) 2.9 2 8 Hoi + 
6218 1-23-69 1-14-72 11,250(c) 3.5 3 8 Hoi + 
6347 11-29-69 12-9-72 11,630(d) 4.1 4 8 Hoi + 
6388 3-2-70 2-25-72 16,350(e) 3.9 6 8 Hoi + 
5785 12-18-65 10-12-72 20,180 3.1 1 7 Hoi -
5977 4-6-67 7-12-72 20,160 3.8 1 7 Hoi -
6179 10—8—68 1-17-72 15,400 2.5 3 7 Hoi -
6274 6-15-69 12-18-72 16,230 3.4 2 7 Hoi -
6380 2-9-70 2-17-72 13,770(f) 4.6 4 7 Hoi -
6425 4-25-70 3-7-72 13,990(g) 3.8 6 7 Hoi -
^(a) 286 day lactation, ( t) 283 days, (c) 282 days, (d) 299 days, 
(e) 296 days, (f) 302 days, (g) 290 days. 
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Table 9. Dally milk fat percentages during BD feeding period (Trial I) 
Experimental cows Control cows 
Date 5563 6038 6192 5801 5901 5908 6179 
Preliminary period 
3-15-72 2.9 4.0 4.4 2.7 - - 2.3 
3-17-72 2.7 3.1 2.9 3.1 - - 2.4 
3-21-72 2.9 4.0 3.2 2.9 - - 2.7 
3-23-72 2.9 3.3 3.2 2.9 - - 2.1 
3-24-72 2.9 3.3 3.4 2.9 - - 2.4 
3-27-72 3.4 3.1 3.7 2.8 - - 2.5 
3-28-72 3.0 3.6 2.8 2.9 - - 2.8 
Average 3.0 3.5 2.9 2.9 2.5 
BD addition period 
4-21-72 2.2 2.7 1.6 1.4 - - 2.3 
4-28-72 1.9 2.3 2.0 1.1 2.1 - 1.4 
5-5-72 1.5 3.1 1.4 1.4 1.9 - 1.7 
5-12-72 1.4 2.2 1.4 1.1 1.8 - 1.7 
5-19-72 1.8 1.7 1.4 1.4 2.0 - 1.4 
5-26-72 1.8 1.8 1.3 1.3 1.6 1.3 1.2 
6-2-72 1.8 2.0 1.5 1.4 2.0 2.5 1.6 
6-9-72 2.0 2.3 1.5 1.6 1.8 1.8 1.2 
6-16-72 1.6 1.8 2.2 1.6 1.7 1.6 1.1 
6-23-72 1.7 2.0 1.7 1.9 1.7 2.1 1.2 
6-30-72 1.9 2.0 1.9 2.0 2.0 2.1 1.2 
7-7-72 1.7 2.1 1.6 1.8 1.9 2,3 1.3 
7-14-72 1.8 1.9 2.0 1.8 1.8 1.9 1.3 
7-21-72 1.7 2.2 2.7 1.3 1. 7 2.0 1.2 
7-28-72 2.2 2.7 1.7 1.3 - 2.1 1.2 
8-4-72 1.6 2.3 1.6 1.7 - 1.8 1.4 
8-11-72 2.0 2.6 4.2 1.4 - 2.4 1.4 
8-17-72 1.8 2.3 3.0 1.4 - 2.2 1.3 
8-25-72 1.4 3.1 2.2 1.6 - 1.4 1.6 
8-31-72 1.8 2.5 2.6 2.4 - 2.6 1.4 
9-8-72 1.5 2.5 2.3 1.9 - 2.1 1.6 
9-15-72 1.7 2.9 2.6 2.2 - 2.3 2.1 
9-22-72 2.2 2.4 2.4 1.9 - 2.6 2.1 
Average 1.87 2.32 2.03 1.60 1.96 2.16 1.5! 
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Table 10. Daily milk protein percentages during BD feeding period (Trial 
I)  
Date 
Experimental cows Control cows 
5563 6038 6192 5801 5901 5908 6179 
Preliminary period 
3-15-72 2.12 2.79 3.06 2.78 - - 2.93 
3-17-72 2.70 2.97 3.07 3.73 - - 3.01 
3-21-72 3.07 2.94 3.08 2.98 - - 2.60 
3-23-72 2.64 2.81 3.12 2.75 - - 2.86 
3-24-72 2.65 2.88 3.04 2.82 - - 2.94 
3-27-72 2.72 2.86 3.03 2.78 - - 3.01 
3-28-72 2.72 2.85 3.05 2.76 - - 3.09 
Average 2.66 2.87 3.06 2.94 - - 2.92 
3D addition period 
4-21-72 2.88 3.18 3.15 3.11 - - 2.94 
4-28-72 2.66 2.96 3.17 2.98 2.43 - 3.09 
5-5-72 2.67 3.08 2.99 3.17 2.98 - 3.07 
5-12-72 2.75 2.96 3.13 3.02 2.92 - 2.88 
5-19-72 2.95 3.11 3.20 3.02 2.67 - 2.80 
5-26-72 3.04 3.05 3.21 2.96 2.84 2.72 3.00 
6-2-72 2.90 3.04 3.11 2.72 2.83 2.32 2.86 
6-9-72 2.80 3.11 2.32 2.98 2.93 2.54 2.93 
6-16-72 2.87 3.11 3.51 2.96 2.99 2.62 2.88 
6-23-72 2.90 3.24 3.06 2.78 2.87 2.37 3.10 
6-30-72 2.85 3.25 3.20 2.91 2.95 2.49 2.87 
7-7-72 2,87 3.13 3,45 2.95 2.90 2.54 2.91 
7-14-72 2.77 3.44 3.13 2.81 2.99 2.50 2.83 
7-21-72 2.82 3.31 3.21 2.69 2.89 2.50 3.01 
7-28-72 3.15 4.10 3.24 2.78 - 2.71 3.06 
8-4-72 2.82 3.61 3.57 2.92 - 2.84 2.93 
8-11-72 2.68 3.36 5.19 2.89 - 2.84 3.21 
8-17-72 2.40 3.63 3.78 2.50 - 2.72 2.91 
8-25-72 2.96 3.82 3.61 3.16 - 3.23 3.03 
8-31-72 3.14 3.64 3.75 3.45 - 2.90 3.87 
9-8-72 2.99 3.67 3.45 3.15 - 3.05 3.24 
9-15-72 3.44 3.72 3.39 3.05 - 2.94 3.29 
9-22-72 2.99 4.00 3.62 3.00 - 2.89 3.34 
Average 2.88 3.37 3.37 2.95 2.86 2.71 3.05 
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Table 11. Daily total solids percentages during the BD feeding period 
(Trial I) 
Date 
Experimental cows Control cows 
5563 6038 6192 5801 5901 5908 6179 
Preliminary period 
3-15-72 11.28 14.23 13.08 10.82 - - 10.87 
3-17-72 10.90 11.73 11.67 11.06 - - 10.88 
3-21-72 11.11 12.62 11.47 11.05 - - 11.19 
3-23-72 11.39 11.99 11.74 11.13 - - 10.44 
3-24-72 10.98 11.80 11.87 10.96 - 10.74 
3-27-72 11.82 11.83 12.32 11.03 - — 11.2 
3-28-72 11.37 12.29 11.43 11.77 -, - 11.49 
Avera&e 11.26 12.36 11.94 11.12 10.98 
BD addition period 
4-21-72 9.81 11.36 9.12 8.31 - - 9.35 
4-28-72 10.14 10.80 10.55 8.96 10.04 - 9.99 
5-5-72 9.39 10.00 9.52 8.96 11.22 - 9.76 
5-12-72 9.13 10.61 9.59 8.60 9.52 - 9.41 
5-26-72 10.02 10.38 9.49 8.59 8.94 9.19 9.25 
6-2-72 9.99 10.51 10.06 8.70 9.85 10.27 9.61 
6-9-72 10.17 10.74 10.01 9.37 9.90 9.74 9.14 
6-16-72 9.44 10.32 10.36 9.16 9.51 9.29 8.90 
6-23-72 9.56 10.64 9.97 9.19 9.51 9.64 8.98 
6-30-72 9.85 10.98 10.17 9.17 9.79 9.85 9.14 
7-7-72 9.94 10.97 10.76 9.43 9.75 10.22 9.85 
7-14-72 10.31 10.92 11.11 9.80 10.13 10.18 9.90 
7-21-72 9. SO 11.02 11. 52 S • 89 9 .30 10.26 n n r 7 • UU 
7-28-72 10.14 11.46 10.53 8.56 - 10.09 9.46 
8-4-72 9.27 10.85 10.86 9.01 - 9.46 9.59 
8-11-72 9.44 11.28 11.84 8.52 - 10.41 9.94 
8-17-72 8.96 10.69 11.64 8.38 - 9.94 9.63 
8-25-72 9.08 11.42 11.02 8.81 - 9.52 9.80 
8-31-72 9.75 11.12 11.24 8.84 - 10.87 11.75 
9-8-72 9.40 10,69 10.90 9.35 - 11.97 9.56 
9-15-72 11.10 11.29 10.83 9.32 - 10.07 9.71 
9 . / 0  ±U. Oi JLJ.  Z.U ? .  J.V . / z. 
Average 9.76 10.82 10.53 8.98 9.83 10.10 9.65 
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Table 12. Average dally milk weights during BD feeding period (Trial I) 
Date 
Experimental cows Control cows 
5563 6038 6192 5801 5901 5908 6179 
Preliminary period (lbs/day) 
3-15-72 77.5 78.8 70.2 77.6 - - 80.5 
3-17-72 79.0 80.0 73.0 75.5 - - 80.0 
3-21-72 72.0 92.0 74.4 75.2 - - 82.2 
3-23-72 75.0 78.C 67.0 80.0 - - 75.2 
3-24-72 79.0 76.8 71.0 78.0 - - 80.0 
3-27-72 80.Q 82.0 69.0 72.0 - - 76.0 
3-28-72 82.5 80.0 75.0 78.0 - - 75.0 
Average 77.9 81.1 71.4 76.6 79.1 
BD addition period (lbs/day) 
4-21-72 86.9 94.6 67.1 60,8 - - 56.2 
4-28-72 83.4 90.3 68.1 61.8 54.8 - 69.9 
5-5-72 76.3 90.2 64.6 50.0 43.6 - 64.0 
5-12-72 63.2 89.8 69.3 59.7 47.9 - 61.7 
5-19-72 82.9 88.3 69.1 62.2 37.7 - 61.8 
5-26-72 80.8 79.5 66.9 58.1 39.1 85.6 59.0 
6-2-72 74.8 71.2 65.7 57.4 35.4 71.4 52.7 
6-9-72 70.0 72.7 63.9 58.2 34.0 78.0 54.9 
6-16-72 74.6 68.5 52.4 57.0 33.7 70.7 52.2 
6-23-72 72.7 65.4 55.8 52.7 35.7 65.2 51.1 
6-30-72 66.1 54.3 56.4 48.9 33.8 63.0 51.1 
7-7-72 A4.9 47.1 53.9 37.9 29.0 58.8 45.5 
7-14-72 56.8 45.4 48.7 29.8 20.0 53.6 42.6 
7-21-72 51.9 39.2 40. 7 33.2 23. 5 49 - M 34.7 
7-28-72 48.8 33.7 45,9 34.5 - 44.7 41.9 
8-4-72 45.7 42.6 46.8 29.0 - 46.8 42.3 
8-11-72 42.1 38.5 25.2 28.4 - 40.2 42.7 
8-17-72 32.1 27.6 19.3 28.1 - 42.9 38.7 
8-25-72 37.7 30.3 24.9 24.9 - 56.7 31,7 
8-31-72 41.0 34.6 26,9 18.4 - 54.7 26.8 
9-8-74 49.7 32.5 29.9 22.8 - 41.3 39,2 
9-15-72 33.4 27.7 29.3 22.6 - 51.3 37,1 
9 22-72 .37.7 26.3 27,0 16.4 - 39.5 29.8 
Average 59.7 56.1 48.6 41.4 36.0 56.3 47,3 
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Table 13. Individual determinations of blood ketones and blood glucose 
during BD addition periods (Trial I) 
Date 
Experimental cows Control cows 
5563 6038 6192 5801 5901 5908 6179 
Acetone-acetoacetate (mg/100 ml) 
BD addition period 
6-29-72 0.16 0.27 3.72 0.27 0.38 0.38 0.15 
7-5-72 0.33 0.38 0.27 0.37 0.27 0.48 0.46 
7-13-72 0.42 Q.61 0.21 0.34 0.17 0.32 0.25 
8-8-72 0.78 1.56 0.52 0.45 - 0.62 0.38 
8-28-72 1.60 7.93 1.78 0.36 - 0.59 0.18 
3-hydroxybutyrate (mg/100 ml) 
BD addition period 
6-29-72 5.06 2.35 1.37 0.64 0.34 0.24 2.92 
7-5-72 3.98 1.89 1.89 1.74 2.61 1.67 2.85 
7-13-72 1.29 1.55 0.35 1.69 2.04 2.41 3.33 
8-8-72 6.21 4.37 1.71 3.21 - 2.67 2.25 
8-28-72 4.92 3.97 4.33 2.31 - 1.88 1.93 
Glucose (mg/100 ml) 
BD addition period 
6-29-72 46.4 43.2 52.0 50.4 49.6 40.4 48.8 
7-5-72 38.2 46.6 47.8 52.4 51.8 50.0 44.0 
7-13-72 42.8 37.6 38.8 44.0 46.8 38.8 40.0 
«_H_72 42;6 45.0 14. A 40.2 - 47.6 42.0 
8-28-72 54.6 54.6 55.2 58.2 - 54.0 54.0 
91 
Tabic 14. Individual determinations of rumen volatile fatty acids and 
rumen pH during BD addition period (Trial I) 
Rumen 
Cow Date Diet Acetate Propionate Butyrate pH 
(molar %) 
5563 8-28-72 1 52.73 27.16 13.47 5.55 
6038 II 1 45.41 41.81 15.19 5.25 
6192 11 1 46.94 34.71 14.36 5.55 
5801 II 2 50.63 38.40 9.79 5.90 
5908 II 2 41.22 33.92 11.67 6.40% 
6179 II 2 43.37 35.17 10.97 5.90 
^Possible saliva contamination. 
Table 15. Individual body weights (Trial I) 
Date 
Experimental cows Control cows 
5563 6038 6192 5801 5901 5908 6179 
(lb) 
6-1-72 1203 1364 1469 1614 1611 1276 1370 
6-2-72 1186 1356 1446 1617 1596 1261 1365 
6-3-72 1196 1356 1458 1645 1601 1256 1373 
7-1-72 1218 1433 1515 1610 1641 1265 1428 
7-2-72 1200 1434 1506 1655 1633 1265 1455 
7-3-72 1214 1433 1508 1658 1575 1253 1429 
8-1-72 1205 1453 1515 1645 _ 1175 1340 
8-2-72 1191 1300 1530 1655 - 1164 1430 
8-3-72 1190 1390 1525 1640 - 1150 1400 
9-1-72 1290 1285 1535 1808 - 1235 1440 
9-2-72 1309 1290 1540 1900 - 1240 1430 
9-3-72 1350 1260 1550 1900 - 1209 1508 
Table 16. Average daily milk weights and daily milk fat percentages 
during BD feeding period (Trial II) 
Experimental cows 
Date 5876 6031 6094 6170 6266 6293 
Milk weights (lbs/day) 
Preliminary period 
11-3-72 72.2 62.9 36.0 31.0 57,4 30.0 
11-10-72 86.6 68.8 34.4 36.6 59.7 35.6 
Average 79.4 65.9 35.2 33.8 58.6 32.8 
BD addition period 
11-29-72 82,3 51.6 23.9 28.0 26.1 20.0 
12-6-72 86.1 57.7 20.8 24.6 35.5 19.7 
12-13-72 88.3 53.5 26.7 25.5 44,8 21.0 
12-20-72 79.5 47.6 30.6 26.0 45.4 18.6 
1-3-73 80.8 42.3 27.9 24.3 45.9 17.3 
1-10-73 77.2 51.4 29.5 27.7 34.7 17,1 
1-17-73 67,8 43.3 30.1 25.7 39.5 15.9 
1-24-73 67.0 41.4 30.0 23.5 42.3 15.9 
1-31-73 43.6 26.9 21.9 13.0 28.0 11.5 
2-7-73 60.7 36.9 32.6 17.3 38.9 13.0 
2-14-73 58.7 32.2 30.4 16.0 39.1 11.6 
2-21-73 54.6 36.2 28.5 14.4 37.0 10.0 
2-28-73 49.1 31.5 23.6 13.5 33.5 6.8 
3-6-73 48.9 33.9 - - 32.4 -
Average 67.5 41.9 27.4 21.5 37.4 15,3 
Milk fat percentages 
Preliminary period 
11-3-72 3.8 3.6 5.0 4.3 3.7 5.5 
11-10-72 3.5 3.3 c _ 5 5. A 5. / ;  
Average 377 3.5 5T4 4.9 3T9 5T5 
BD addition period 
11-29-72 2.0 3.0 3.8 6.2 4.4 3.6 
12-6-72 1.5 2.3 7.5 4.9 5.0 4.2 
12-13-72 1.6 2.6 7.1 4.8 3.2 3.6 
12-20-72 1.5 2.9 4.3 5.7 2.5 4.1 
1-3-73 2.1 4.1 4.4 6,0 3.6 3.7 
1-10-73 1.6 2.6 3.8 3.9 3.6 3.8 
1-17-73 1.1 2.4 3.2 3.7 3.4 3.3 
1-24-73 1.2 2.0 3.7 4,6 3.6 3.1 
1-31-73 2.4 2.5 3.6 4.7 3.4 3.3 
2-7-73 1.8 2.9 3.9 4.9 3.5 3.1 
2-14-73 1.7 2.4 3.9 4,7 3.5 3.4 
2-21-73 1.6 3.5 4.0 5.8 3.6 4.3 
2-28-73 1.7 3.2 4.1 4,9 3.5 5.8 
3-6-73 1.8 2.9 — - 3.6 — 
Average 1.7 2.8 T7k 5,0 3.6 178 
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Control cows 
5785 5892 5977 6123 6198 6289 
76.0 33.4 51.9 33.7 28.6 50.0 
82.4 38.8 49.4 37.7 34.6 55.5 
79.2 36.1 50.7 35.7 31.6 52.8 
96.9 38.1 47.5 26.0 15.4 39.1 
95.8 31.9 51.0 26.9 21.1 38.4 
97.1 34.0 59.9 28.2 27.1 37.2 
100.2 32.2 59.5 25.4 26.4 34.3 
92.6 32.2 56.8 24.4 24.3 32.1 
95.6 37.6 62.1 27.3 25.7 34.4 
96.2 35.6 60.4 27.1 23.4 39.4 
90.7 29.2 60.5 25.8 23.4 41.5 
63.0 19,9 3.98 13.3 14.3 28.2 
90.0 33.1 57.6 21.2 20.9 35.1 
86.9 29.8 60.1 21.6 21.8 33.7 
79.7 31.1 55.8 22.8 20.0 38.4 
66.1 12.2 51.9 20.8 18.8 42.8 
67.6 - 49.4 - - 41.7 
87.0 30.5 55.2 23.9 21.7 36.9 
3.8 5.1 4.4 4.6 5.2 3.3 
A .3 5.7 /|.2 4.2 6. 3 3.5 
T7Ï 5.4 4.3 4.4 5.8 3.4 
3.3 3.7 4.0 3.7 7.0 1.6 
1.5 3.1 2.7 3.3 7.0 1.6 
2.3 3.9 2.8 2.9 3.2 1.5 
2.2 5.5 2.4 2.6 4.0 2.9 
1.4 4.4 3.0 3.0 4.8 1.6 
1.5 4.3 3.2 2.7 3.6 3,1 
1.5 i\A 2.4 2.9 4 = 1 2 = 3 
1.4 4.5 2.3 2.0 3.0 1.8 
1.6 4.3 3.0 2.5 3.4 1.8 
1.5 4.7 2.6 3.3 3.6 1.9 
1.6 4.4 3.0 3.1 2.7 2,0 
1.8 4.2 3.1 3.2 3.3 2.5 
1.6 4.4 3.1 2.9 4.8 2.8 
1.6 - 3.2 - - 2.5 
1.8 4.3 2.9 2.9 4.2 2.1 
Table 17. Daily milk protein and total solids percentage during BD 
feeding period (Trial II) 
Experimental cows 
Average 
BD addition 
11-29-72 
12-6-72 
12-13-72 
12-20-72 
1-3-73 
1-10-73 
1-17-73 
1-24-73 
1-31-73 
2-7-73 
2-14-73 
2-21-73 
2-28-73 
3-6-73 
Average 
11.32 
period 
9.93 
9.34 
9.47 
9.24 
9.73 
9.50 
8 .86  
9.50 
10.64 
9.47 
9.59 
9.47 
9.41 
9.65 
9.56 
12.22 
11.86 
11.08 
11.46 
11.37 
12.16 
11.06 
11.26 
11.30 
13.33 
11.41 
10.90 
11.29 
11.53 
11.37 
11.53 
14.99 
13.55 
16.52 
17.28 
13.74 
14.05 
13.18 
12.58 
13.32 
13.22 
12.17 
13.49 
13.83 
13.57 
13.88 
14.61 
16.19 
14.94 
14.77 
15.72 
15.75 
13.53 
13.47 
15.02 
15.05 
15.04 
15.08 
16.25 
14.94 
15.06 
12.32 
13.40 
13.36 
11.90 
12.40 
12.88 
12 .66  
12.09 
13.39 
12 .28  
11.39 
12.44 
13.11 
12.85 
12.98 
12.65 
Date 5876 6031 6094 6170 6266 6293 
Milk protein percentage 
Preliminary period 
11-3-72 2.74 3.31 4.11 3.83 3.72 4.25 
11-10-72 2.52 3.23 4.13 4.11 3.75 4.18 
Average 2.63 2.37 4.12 3.97 3.74 4.22 
BD addition period 
11-29-72 2.71 3.57 3.85 4.20 4.03 4.19 
12-6-72 2.84 3.47 3.60 3.97 3.30 4.39 
12-13-72 2.78 3.67 3.84 4.13 3.43 4.08 
12-20-72 3.22 2.92 3.78 4.17 2.43 4.19 
1-3-73 2.90 3.22 3.61 4.13 3.46 4.01 
1-10-73 2.80 3.32 3.81 4.03 3.86 4.05 
1-17-73 2.86 3.76 3.79 4.41 3.71 4.03 
1-24-73 2.93 3.70 3.71 4.42 3.76 3.95 
1-31-73 3.36 3.86 3,83 4.41 3.82 3.99 
2-7-73 3.05 3.48 3.51 4.49 3.79 4.10 
2-14-73 3.01 3.41 3.69 4.43 3.78 3.99 
2-21-73 3.03 3.22 3.81 4.61 3.88 4.07 
2-28-73 2.85 3.14 3.63 4.44 3.88 4.00 
3-6-73 3.05 3.14 - - 3.92 -
Average 2.96 3.42 3.73 4.30 3.65 4.08 
Total solids percentage 
Preliminary period 
11-3-72 11.60 12.38 14.37 13.65 12.54 15.41 
1i_in_7v 11 m T9 06 1 q An 1 < SA 1V no 1 s «7 
15.64 
13.21 
13.70 
13.01 
14.27 
13.78 
13.54 
12.90 
13.20 
12.95 
11.74 
12.84 
14.28 
15.34 
13.44 
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Control cows 
5785 5892 5977 6123 6198 6289 
2.75 3.38 3.72 4.51 4.02 3.71 
2.72 3.74 3.43 4.41 4.07 3.85 
2.74 3.56 3.58 4.46 4.05 3.78 
2.91 4.13 3.42 4.03 4.01 4.01 
2.41 4.23 3.65 4.38 3.66 3.91 
3.00 4.03 3.54 4.50 4.11 3.81 
3.83 3.72 3.96 4.19 3.85 3.66 
2.69 4.00 3.63 4.04 4.01 3.37 
2.59 4.14 3.53 4.24 4.07 3.47 
2.50 4.43 3.59 4.18 4.13 3.59 
2.55 4.56 3.66 4.01 3.95 3.76 
2.47 4.29 3.86 4.24 4.08 3.75 
2.56 4.49 3.86 4.01 3.94 3.98 
2.59 4.52 3.41 4.19 3.87 4.01 
2.74 4.38 3.73 4.21 3.94 3.98 
2.74 4.41 3.42 4.02 3.83 3.76 
2.86 - 3.40 - - 3.66 
2.75 4.26 3.62 4.17 3.96 3.77 
12.57 14.04 13.17 14.81 14.76 12.34 
13.51 14.85 12. 7S 1«, /|7 16.22 12.72 
13.04 14.45 12.98 14.64 15.49 12.53 
12.06 13.35 12.78 13.50 15.76 10.82 
94.8 12.44 11.34 12.86 16.91 10.68 
10.84 13.38 11.40 13.13 13.09 10.60 
10.02 14.45 10.83 12.10 13.78 12.05 
9.48 13.71 11.46 12.52 14.07 10.89 
9.68 13.76 11.84 12.55 13.24 11.81 
9.80 14.25 11.38 12.49 13.39 10 87 
9.59 14.69 11.46 12.20 12.50 11.69 
9.58 13.68 11.83 12.28 12.48 10.97 
9.57 13.98 11.33 13.40 13.04 10.72 
9.71 14.05 10.56 13.14 10.04 11.26 
10.07 13.74 11.88 13.09 12.32 11.84 
10.06 13.97 10.80 12.88 13,95 12.07 
10.19 - 11.66 - - 11.58 
10.01 13.80 11.47 12.78 13.43 11.28 
Table 18. Individual determinations of blood ketones and blood 
glucose during preliminary and BD addition periods 
(Trial II) 
Experimental cows 
Date 5876 6031 6094 6170 6266 6293 
Acetone and acetoacetate (mg/100 ml) 
Preliminary period 
11-8-72 .19 .27 .27 .36 .55 .28 
BD addition period 
1-9-73 .30 .99 .16 .09 .46 .11 
1-24-73 .22 .19 .06 .13 1.87 .08 
1-31-73 .59 .28 1.40 .38 2.27 .48 
6-hydroxybutyrate (mg/100 ml) 
BD addition period 
1-9-73 - .68 - - 2.27 -
1-24-73 4,14 4.17 1.44 2.43 7.22 .76 
1-31-73 6.55 8.48 10.61 2.03 7.01 3.37 
Glucose (mg/100 ml) 
Preliminary period 
11-8-72 41.0 40.4 40.6 40.6 36.6 56.8 
BD addition period 
1-9-73 hi. S 56.8 47. 2 54,4 52. » 59 .6 
1-24-73 25.8 52.4 45.6 52.0 51.2 54.8 
1-31-73 42.8 42.2 50.0 45.6 48.4 51.2 
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Control cows 
5785 5892 5977 6123 6198 6289 
.37 .16 .37 .16 .33 
.08 .15 .21 
.13 .09 .10 - .16 .02 
.24 .07 .32 .19 .10 .10 
4.05 3.50 .80 
4.70 3.67 3.17 .59 2.56 2.03 
2.96 7.30 7.35 2.61 2.47 1.01 
41.6 46.0 41.6 37.2 46.0 28.6 
r r / C A O r < / r r n r - \  n 
J V  •  H  _/u. y 
_/U • V UX • 6. 
51.2 52.8 60.4 41.2 56.8 50.4 
52.4 54.4 57.2 48.0 56.4 53.6 
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Table 19. Individual determinations of rumen volatile fatty acids and 
rumen pH during BD addition period (Trial II) 
Cow Date Diet Acetate Propionate Butyrate 
Rumen 
pH 
(molar %) 
5876 2-28-73 6 45. 89 38.84 6.95 5.6 
6031 6 68. 79 27.68 11.70 5.8 
6094 6 67. 01 26.19 11.31 6.1 
6170 6 63. 75 20.69 17.84 5.6 
6266 6 59. 08 17.12 13.28 5.6 
6293 " 6 33. 66 20.87 6.50 6.0 
5785 5 31. 67 33.75 5.87 6.1 
5892 5 57. 47 34.53 12.08 5.3 
5977 5 41. 85 32.58 18,18 5.5 
6123 5 48. 26 33.30 7.95 5.8 
6198 5 55. 34 36.25 11.85 5.1 
6289 5 59. 41 39.55 9.51 5.6 
Table 20. Individual body weights (Trial II) 
Experimental cows 
Date 5876 6031 6094 6170 6266 6293 
Clb) 
Preliminary period 
11-1-72 1403 1557 970 815 1337 1063 
11-2-72 1390 1540 950 810 1330 1060 
11-3-72 1410 1545 1010 825 1335 1060 
BD addition period 
12-1-72 1335 1535 840 765 1200 1065 
12-2-72 1338 1478 878 779 1188 1054 
12-3-72 1330 1527 853 784 1210 1064 
1-1-73 146Q 1418 924 755 1268 1136 
1-2-73 1474 1425 925 750 1275 1125 
1-3-73 1475 1450 930 780 1283 1135 
2-1-73 1575 1625 995 788 1250 1170 
2-2-73 1569 1628 1009 788 1270 1175 
2-3-73 1600 1635 1007 785 1270 1168 
3-2-73 1733 1589 1024 800 1327 1163 
3-3-73 1718 1615 998 801 1314 1161 
3-4-73 1731 1622 998 785 1338 1167 
Control cows 
5785 5892 59.77 6123 6198 6289 
1320 745 1365 980 945 1243 
1300 720 1310 960 946 1250 
1325 770 1365 1000 1025 1240 
1270 715 1360 910 935 1285 
1245 720 1388 933 887 1272 
1253 721 1369 930 897 1239 
1305 730 1458 960 912 1408 
1310 735 1460 970 918 1410 
1300 731 1460 975 910 1410 
1365 773 1575 1048 1025 1409 
1372 775 1575 1050 1025 1415 
1394 789 1565 1042 1020 1407 
1430 765 1611 1123 1064 1489 
1431 769 1588 1117 1064 1508 
1447 770 1593 1124 1065 1511 
Table 21. Average daily milk weights and daily milk fat 
percentages during BD feeding period (Trial III) 
Group A 
Date 5640 5785 5977 6179 6274 6380 
Preliminary period Milk weights (lbs/day) 
3-27-73 51.9 56.6 38.0 76.6 60.8 64.4 
BD addition period Group A received BD 
4-15-73 52.9 45.1 31.3 65.6 68.9 61.2 
4-22-73 57.4 53.5 39.0 70.7 60.6 73.7 
4-29-73 50.8 56.3 39.0 68.7 57.3 60.1 
5-6-73 28.1 52.4 44.5 76.0 55.8 41.8 
Period ave 47.3 51.8 38.5 70.3 60.7 59.2 
Diets reversed 5-10 -73 Group A received control 
5-13-73 - 51.0 39.5 79.1 54.6 60.8 
5-20-73 - 45.1 41.1 61.6 54.5 55.9 
5-27-73 - 48.7 40.0 68. 6 54.9 54.8 
6-3-73 - 39.9 38.8 66.2 55.0 34.0 
Period ave 46.2 39.9 68.9 54.8 51.4 
Diets reversed 6-8-73 Group A received BD 
6-10-73 - 35.9 38.3 64.3 53.1 36.5 
6-17-73 - 39.3 41.5 61.5 52.6 45.0 
6-24-73 - 24.3 26.6 39.6 33.7 31.2 
Period ave 33.2 35.5 55.1 46.5 37.6 
Overall ave 
(3 periods) 47.3 44.7 38.1 65.6 54.6 50.5 
Preliminary period Milk fat percentage 
3-27-73 3.9 1.4 3.4 2.0 2.9 4.0 
BD addition period Group A received BD 
a-1s-vx a 1 1 q 9 0 2.1 3.6 
4-22-73 4.2 1.4 3.5 1.9 1.8 1.8 
4-29-73 4.3 1.6 3.5 1.8 2.0 1,8 
5-6-73 2.5 1.3 3.1 1.8 1.8 2.4 
Period ave 3.8 1.5 3.6 2.1 1.9 2.4 
Diets reversed 5-10 -73 Group A received control 
5-13-73 - 1.4 3.5 1.6 2.1 1.9 
5-20-73 - 1.4 3.6 1.7 1.9 1.7 
5-27-73 - 1.3 3.4 1.6 1.8 1.8 
6-3-73 - 1.6 3.3 1.7 2.7 2.8 
Period ave 1.4 3.5 1.7 2.1 2.1 
Diets reversed 6-8-73 Group A received BD 
6-10-73 - 1.8 3.1 1.3 2.2 2.4 
6-17-73 - 1.7 3.3 1.4 1.9 1.7 
6-24-73 - 1.7 3.4 1.2 2.5 2.0 
Period ave 1.7 3.3 1.3 2.2 2.0 
Overall ave 
(3 periods) 3.8 1.5 3.4 1.7 2.1 2.2 
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Group B 
5876 6192 5218 6347 6388 6425 
Mllk weights (lbs/day) 
41.4 70.6 76.3 57.8 74.8 77.0 
Group B received control 
34.8 64.8 76.4 56.1 74.1 70.9 
37.3 62.6 73.3 63.2 72.5 65.7 
36.4 64. U 73.0 59.0 78.2 66.5 
29.0 65.2 79.1 60.5 76.7 71.1 
34.3 64.2 75.5 59.7 75.4 68.6 
Group B received BD 
30.3 59.8 70.2 59.3 72.7 74.3 
30.8 55.4 67.3 54.4 64.1 66.3 
31.0 54.5 67.4 56.7 60.6 66.8 
30.1 54.9 65.6 53.5 60.6 64.4 
30.6 56.2 67.6 56.0 64.5 68.0 
Group B received control 
30.8 52.2 66. 8 53.0 59.5 59.0 
31.7 53.2 58.8 57.1 56.9 60.5 
20.6 35.1 39.7 37.0 36.9 38.6 
27.7 46.8 55.1 49.0 51.1 52.7 
31.2 56.5 67.1 55.4 64.8 64.0 
Mllk fat percentage 
1.8 3.1 3.4 3.6 3.0 3.4 
Group B received control 
1 . 0 J.  0 JL. V 4. 1 1. / J. u 
1.8 1.5 1.5 3.4 2.1 2.1 
1.7 1.8 2.1 3.9 2.0 2.2 
2.0 1.6 1.7 4.0 2.1 2.9 
1.8 1.7 1.8 3.9 2.0 2.6 
Group B received BD 
1.8 1.2 1.4 3.4 1.3 2.4 
1.5 1.3 1.2 3.5 1.3 2.0 
1.6 1.2 1.1 3.0 1.1 1.8 
1.4 1.2 2.0 2.7 1.2 2.3 
1.6 1.2 1.4 3.2 1.2 2.1 
Group B received control 
2.0 1.6 2.3 3.4 1.7 1.8 
2.1 1.8 2.3 3.9 1.5 2.4 
1.8 1.2 1.7 3.2 1.0 2.0 
1.3 1 . 5  2.1 3.5 1.4 2.1 
1.8 1.5 1.7 3.5 1.5 2.3 
Table 22. Daily milk protein and total solids percentages during 
BD feeding period (Trial III) 
Group A 
Date 5640 5785 5977 6179 6274 6380 
Preliminary period Milk protein percentage 
3-27-73 3.38 2.58 3.63 2.86 2.98 3.35 
BD addition period Group A received BD 
4-15-73 3.53 2.50 3.37 2.68 3.14 3.21 
4-22-73 3.34 2.53 3.19 3.07 3.55 3.33 
4-29-73 3.32 2.65 3.29 3.07 3.14 3.42 
5-6-73 3.41 2.65 3.53 3.18 3.60 3.31 
Period ave 3.40 2.58 3.35 3.00 3.36 3.32 
Diets reversed 5-10--73 Group A received control 
5-13-73 2.48 3.43 2.95 3.48 3.50 
5-20-73 2.50 3.39 3.01 3.50 3.40 
5-27-73 2.59 3.42 3.22 3.48 3.35 
6-3-73 2.46 3.23 3.15 3.41 3.32 
Period ave 2.51 3.37 3.08 3.47 3.39 
Diets reversed 6-8-73 Group A receiving BD 
6-10-73 2.49 3.24 2.58 3.29 3.68 
6-17-73 2.36 3.67 2.97 3.34 3.76 
6-24-73 2.50 3.50 2.83 3.29 3.35 
Period ave 2.45 3.47 2.79 3.31 3.60 
Overall ave 
(3 periods) 3.40 2.52 3.39 2.97 3.38 3.42 
Preliminary period Total solids percentage 
3-27-73 12.77 9.41 12.07 10.35 11.26 12.79 
BD addition period Group A received BD 
4-15-73 13.18 9 : 21 1 /:, 59 in. hO 1 2. 6Û 
4-22-73 13.32 9.23 11.91 10.23 10.77 10.72 
4-29-73 14.06 9.78 12.42 10.05 11.13 10.92 
5-6-73 9.87 8.79 11.03 9.46 9.97 10.43 
Period ave 12.06 9.25 12.06 10.29 10.62 11.17 
Diets reversed 5-10 -73 Group A received control 
5-13-73 8.86 12.17 9.76 11.27 10.62 
5-20-73 8.97 12.44 9.91 11.03 10.62 
5-27-73 9.03 12.45 9.81 10.89 10.76 
6-3-73 9.02 11.66 9.81 11.52 11.02 
Period ave 8.97 12.18 9.82 11.18 10.76 
Diets reversed 6-8-73 Group A received BD 
6-10-73 9.31 11.83 9.38 11.15 11.45 
6-17-73 9.01 11.96 9.32 10.70 10.43 
6-24-73 8.52 12.07 8.87 11.03 10.49 
Period ave 8.95 11.95 9.19 10.96 10.79 
Overall ave 
(3 periods)12.61 9.07 12.05 9.82 10.91 10.91 
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Group B. 
5876 6192 6218 6347 6388 6425 
Mllk protein percentage 
3.10 3.32 2.80 3.61 2.99 3.43 
Group B received control 
2.96 3.29 2.54 3.43 2.98 2.91 
3.13 3.28 2.83 3.57 3.03 2.68 
3.14 3.37 3.15 3.60 3.37 2.88 
3.20 3.39 3.0.3 3.68 3.25 2.79 
3.11 3.36 2.89 3.57 3.16 2.82 
Group B received BD 
3.25 3.40 2.94 T.57 3.28 3.05 
3.14 2.91 3.51 3.67 3.48 3.03 
3.18 3.57 3.00 3.65 3.32 2.85 
3.09 3.56 3.02 3.49 3.34 2.85 
3.17 3.36 3.12 3.60 3.36 2.95 
Group B received control 
3.00 3.43 2.77 3.29 3.32 3.21 
3.00 3.41 2,94 3.36 3.41 2.90 
2.98 3.50 2.85 3.51 2.97 3.42 
2.99 3.45 2.85 3.39 3.23 3.18 
3.10 3.37 2.96 3.53 3.25 2.96 
Total solids percentage 
9.90 11.63 11.45 12.40 11.55 12.25 
Group B received control 
y. M/ '10,51 10 = 00 13 = 13 10. 25 
9.74 10.11 9.80 12.46 10.60 10.34 
9.91 10.70 10.47 13.11 10.75 10.77 
9.49 9.68 9.35 12.33 10.09 10.54 
9.74 10.25 9.91 12.76 10.42 10.78 
Group B received BD 
9.56 9.90 9.46 12.50 9.93 10.87 
9.29 10.20 9.39 12.64 9.96 10.72 
9.73 10.31 9.25 12.19 10.07 10.35 
9.38 10.10 9.84 11.63 9.85 10.60 
9.49 10.13 9.49 12.24 9.95 10.64 
Group B received control 
10.07 10.66 10.63 12.48 10.57 10.62 
9.76 10.48 10.22 10.79 10.06 10.45 
9.22 9.77 9.53 12.05 9.56 10.36 
9.68 10.30 10.13 11.77 10.63 10.48 
9.63 10.20 9.81 12.30 10.15 10.64 
Table 23. Individual determinations of blood ketones and blood glucose 
during preliminary and BD addition periods (Trial III) 
Group A 
Date 5640 5785 5977 6179 6274 6380 
Acetone-acetoacetate (mg/100 ml) 
Preliminary period 
3-29-73 0.275 0.243 0.201 0.169 0.211 
BD addition period Group A received BD 
5-2-73 1.650 0.163 0.109 - 0.540 
Diets reversed 5-10-73 Group A received control 
5-14-73 0.240 0.980 0.490 0.730 0.580 
6—6—73 — 0.691 0.507 0.950 2.611 0.313 
Group A received BD 
6-11-73 0.176 0.372 0.543 0.266 0.287 
6-18-73 0.959 0.602 0.914 1.830 1.600 
3-hydroxybutyrate (mg/100 ml) 
Preliminary period 
3-29-73 2.87 1.48 2.45 1.27 9.58 3.35 
BD addition period Group A received BD 
5-2-73 7.47 2.49 2.66 1.90 6.48 1.86 
Diets reversed 5-10-73 Group A received control 
5-14-73 10.15 10.13 3.50 5.37 3.67 
6-6-73 7.47 3.08 6.33 8.44 2.70 
Diets reversed 6-8-73 Group A received BD 
6-11-73 1.60 3.67 9.47 2.43 2.72 
6-18-73 8.06 0.72 6.31 1.73 5.76 
PI 11 n o o ( Tnrr / 1 H H rnl  ^
Preliminary period 
3-29-73 50.8 47.2 42.8 52.4 49.6 50.4 
BD addition period Group A received BD 
5-2-73 32.8 40.4 40.0 39.2 40.8 40.4 
Diets reversed 5-10-73 Group A received control 
5-14-73 47.2 42.0 41.2 47.2 44.8 
6-6-73 47.2 100.0 52.0 59,6 66.4 
Diets reversed 6-8-73 Group A received BD 
6-11-73 40.4 31.2 36.2 61 = 2 64.4 
6-18-73 52.4 56.0 32.8 37.6 49.6 
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Group B 
5876 y,92 ^18 6347 6388 6425 
0.201 0.190 0.285 0.401 0.401 0.192 
Group B received control 
0.337 1.880 0.182 2.850 2.700 -
Group B received BD 
- 0.110 0.170 0.290 0.080 1.770 
0.119 0.270 0.183 0.215 0.108 2.770 
Group B received control 
0.750 1.970 1.100 1.530 0.782 0.601 
0.210 0.244 2.380 0.602 0.295 1.750 
3.29 4.60 4.35 4.56 5. 87 10.35 
Group B received control 
5.02 5.53 3.33 9.76 8. 15 1.28 
Group B received BD 
3.73 1.07 1.27 6.67 3. 21 11.06 
3.04 2.56 3.55 1.72 2. 47 8.32 
Group B received control 
6.57 6.61 9.75 13.02 8. 49 8.27 
1.66 4.90 6.61 4.77 3. 12 4.18 
50.8 44.8 40.0 42.8 45.6 42.4 
Group B received control 
36.8 29.2 36.8 22.8 30.4 42.8 
Group B received BD 
44.8 48.4 44.8 41.2 42.8 41.2 
60.8 60.0 62.0 86.8 85.6 28.8 
Group B received control 
43.6 53.6 59.6 45.2 63.2 45.2 
86.0 45.2 49.2 41.6 43.6 27.2 
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Table 24. Individual body weights (Trial III) 
Group A 
5640 5785 5977 6179 6274 6380 
Date (lb) 
4-4-73 1710 1493 1552 1399 1572 1190 
4-5-73 1714 1515 1560 1417 1565 1174 
4-6-73 1670 1490 1542 1375 1520 1155 
5-4-73 1636 1480 1524 1429 1615 1195 
5-5-73 1664 1491 1544 1410 1715 1131 
6-2-73 1565 1538 1463 1722 1233 
6-3-73 - 1524 1513 1482 1762 1217 
6-4-73 1528 1505 1410 1688 1187 
Group B 
5876 6192 6218 6347 6388 6425 
Date (lb) 
4-4-73 1847 1391 1504 1353 1281 1120 
4-5-73 1860 1393 1483 1326 1287 1115 
4-6-73 1830 1330 1485 1325 1200 1100 
5-4-73 1 0-70 1 / , -7 r X ^ U J  1367 1238 1175 
5-5-73 1890 1485 1569 1388 1252 1098 
6-2-73 1926 1573 1619 1454 1290 1178 
6-3-73 1912 1563 1646 1456 1327 1152 
6-4-73 1919 1515 1610 1428 1278 1125 
108 
Table 25. Effect by week on production, milk fat percent, milk fat 
production, protein percent, total solids percent and feed 
consumed from feeding 1,3-butanediol to cows on a fat 
depressing diet (Trial III) 
Total Total Total Total 
Fat Protein solids milk feed fat 
Cow 1 Diet Period percent percent percent produced consumed produced 
Group A 
5640 8 1 3.78 3.40 12.61 331.05 268.15 13.06 
5640 7 2 0.00 0.00 0.00 0.00 0.00 0.00 
5640 8 3 0.00 0.00 0.00 0.00 0.00 0.00 
5785 7 1 1.45 2.58 9.25 362.78 268.25 5.26 
5785 8 2 1.43 2.51 8.97 323.20 259.18 4.58 
5785 7 3 1.73 2.45 8.95 232.33 198.10 4.03 
5977 7 1 3.54 3.35 11.99 269.25 182.08 9.41 
5977 8 2 3.45 3.37 12.18 278.90 210.93 9.63 
5977 7 3 3.27 3.47 11.95 248.17 199.23 8.07 
6179 7 1 2.10 3.00 10.30 491.70 296.40 10.24 
6179 8 2 1.65 3.08 9.80 464.05 308.05 7.65 
6179 7 3 1.30 2.79 9.19 386.10 281.07 5.07 
6274 7 1 1.93 3.36 10.62 424.65 356.93 8.21 
6274 8 2 2.13 3.47 11.18 383.12 369.18 8.14 
6274 7 3 2.20 3.31 10.96 325.30 303.30 7.02 
6380 7 1 2.40 3.32 11.17 414.38 280.30 9.82 
6380 8 2 2.05 3.39 10.76 359.50 278.00 7.07 
6380 7 3 2.02 3.60 10.79 263.03 217.40 5.25 
Group B 
5876 8 1 1.83 3.11 9.74 240.73 294.10 4.37 
5876 7 2 1.58 3.17 9.49 213.83 283.18 3.37 
5876 8 3 1.95 2.99 9.68 193.87 231.63 3.83 
6192 8 1 1.68 3.33 10.25 448.95 331.95 7.52 
6192 7 2 1.23 3,36 10.13 393.07 346.23 4.81 
6192 8 3 1.53 3.45 10.30 327.70 327.37 5.16 
6218 8 1 1.80 2.89 9.90 528.15 342.15 9.50 
6218 7 2 1.43 3.12 9.49 473.48 343.57 6.73 
6218 8 3 2.10 2.85 10.13 385.90 289.40 8.32 
6347 8 1 3.85 3.57 12.76 417.85 331.28 16.05 
6347 7 2 3.15 3.60 12.24 391.65 328.63 12.36 
6347 8 3 3.50 3.39 11.77 343.30 275.53 12.17 
6388 8 1 1.98 3.16 10.42 527.60 271.90 10.42 
6388 7 2 1.23 3.36 9.95 451.43 287.37 5.55 
6388 8 3 1.40 3.23 10.06 357.03 245.17 5.20 
6425 7 1 2.55 2.82 10.78 480.00 260.12 12.31 
6425 8 2 2.13 2.95 10.64 475.75 272.53 10.14 
6425 7 3 2.05 3.18 10.48 368.97 252.23 7.62 
